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(54) RAW MATERIAL FOR THE PRODUCTION OF HEAT-RESISTANT RESIN, HEAT-RESISTANT 
RESIN AND PROCESS FOR THE PRODUCTION OF THE RESIN 

(57) A rav^ material used for producing heat-resist- 
ant resins of the present invention contains N- 
cyclohexyl maleimide containing 0.001 to 1 weight per- 
cent of cyclohexylamino succinic anhydride, as a princi- 
pal component. Heat-resistant resins and the process 
for producing the heat-resistant resins of the present 
invention are achieved by polymerizing the raw material 
and at least one kind of monomer which is copolymeriz- 
able with the raw material. Therefore, the heat-resistant 
resins produced from the raw material have excellent 
transparency, i.e., a low coloring factor, even when 
higher heat resistance is imparted to the heat-resistant 
resins by increasing the amount of the raw material con- 
taining /\/-cyclohexyl maleimide as a principal compo- 
nent. Thus, the heat-resistant resins are suitably used in 
fields requiring heat resistance as well as a low coloring 
factor. 
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Description 
TECHNICAL FIELD 

5 The present Invention relates to a raw material used for producing heat-resistant resins, heat-resistant resins which 
are produced from the raw material and have excellent heat resistance, fine appearance and a low coloring factor, and 
a process for producing the heat-resistant resins. 

BACKGROUND ART 

10 

Methacrylic resins made from methyl methacrylate as a principal component have excellent weatherproof and opti- 
cal properties, and relatively balanced mechanical, thermal and fabrication properties. The methacrylic resins are used 
in various fields, such as automobile parts, electrical equipment parts, face plates, signs, covers for lights, ornaments, 
and variety goods, because of their properties mentioned above. 

15 However, the methacrylic resins are Insufficient in terms of heat resistance, and therefore their use in the fields 
requiring shape stability at high temperatures is limited. Thus, there is a strong demand for an Improvement of the heat 
resistance of the methacrylic resins. 

Many methods have been proposed for improving the heat resistance of the methacrylic resins. Examples of the 
proposed methods include the copolymerization of methyl methacrylate and A/-aryl maleimide (Japanese Publication 

20 for Examined Patent Application, No. 9753/1 968), and blending the copolymer of methyl methacrylate, a-methyl styrene 
and maleic anhydride with a methyl methacrylate copolymer (Japanese Publication for Unexamined Patent Application 
No. 122536/1984). 

Moreover, as l<nown methods for producing transparent methacrylic resins of Improved heat resistance and 
reduced coloring factor, there are methods including copolymerizing methyl methacrylate and A/-cyclohexylmaleimide 
25 within a specific range (Japanese Publication for Unexamined Patent Application, No. 1 561 1 5/1 987 and 1 77009/1 987), 
and a method including copolymerizing methyl methacrylate and A/K:yclohexyl maleimide and then reducing raw mate- 
rial monomers remaining in the resultant copolymer (Japanese Publication for Unexamined Patent Application No 
112612/1987). 

By copolymerizing a methacrylic ester such as methyl methacrylate and A/-substituted maleimide such as N- 
30 cyclohexylmaleimide. it is possible to achieve some improvements in respect of the heat resistance, transparency, and 
coloring factor, thereby providing a transparent heat-resistant resin for optical uses. 

However. In such a heat-resistant resin, the Improvement of the heat resistance depends on the amount of A/-sub- 
stituted maleimide. Therefore, In order to obtain a heat-resistant resin of improved heat-resistance, it Is necessary to 
increase the A/-substituted maleimide unit in the heat-resistant resin. However, the increase of the A/-substltuted male- 
35 imide unit causes a problem that the resultant heat-resistant resin tends to color (yellow). 

In the case of A/ substituted maleimide-based heat-resistant resins produced from A/-substituted maleimide as one 
of the raw materials, the coloration of resin products Is generally known. However, some uses of the resin products 
strongly require a reduction in the coloratton of the resin products. Thus, there has been a demand for the development 
of A/ substituted maleimide-based heat-resistant resins of reduced coloration (referred to as "low coloring factor" in the 
40 present invention). 

In the production of molded articles by molding the heat-resistant resins obtained by the above-mentioned meth- 
ods, the molded articles sometimes had lowered surface smoothness, and showed deterioration in their optical proper- 
ties including transparency, and appearance. 

The present inventor studied to find the cause off the lowering of the smoothness, and discovered that non-polym- 
45 erizable impurities derived from the raw material in producing the A/-substituted maleimide were the causes of such a 
lowering of the smoothness. 

Since most of such impurities have their melting points at temperatures lower than 200 **C, when a heat-resistant 
resin containing the impurities is molded, the impurities volatilize due to heat in molding, and adhere to the mold sur- 
faces. As a result, the smoothness of the mold surfaces is impaired. The Impairing of the smoothness of the mold sur- 
50 faces deteriorates the smoothness of the surface of the molded article obtained by the molding, and worsens the 
appearance and transparency of the molded article. 

ft was also discovered by the present inventor that such impurities adhere to an air pressure-reducing line and 
adhere as gum to an outlet of the heat-resistant resin in the process of producing a heat-resistant resin by copolymer- 
izing the A/-substituted maleimide and a monomer components containing, for example, methacrylic ester as a principal 
55 component, for example, in the solvent removing step of removing a solvent, etc. under conditions of heat and reduced 
pressure by an extruder, a flash tank, etc. after solutton polymerization. Such adhesion of impurities may prevent stable 
production of heat-resistant resins. 

Examples off the impurities are non-radical polymerizable conrpounds having a functional group, such as carboxyl 
group, acid anhydride group, primary amino group and secondary amino group. According to Japanese Publication for 
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Unexamined Patent Applications. No. 221974/1993. 201972/1993. and 135931/1994. when the resultant A/-substitiited 
maleimide is stored, these impurities cause a change in the color o1 the A/-substituted maleimide with time. These pub- 
lications also disclose the inclusion of another purifying step like water treatment in the production steps as a method 
for reducing the impurities. 

However, the conventional method disclosed in the above-mentioned publications can not easily eliminate disad- 
vantages of the resultant heat-resistant resin and the production thereof which are caused by the impurities. The reason 
for such disadvantages is that this method additionally requires a special purifying step like water treatment in order to 
reduce the impurities, or has diff iculty in reducing the impurities depending on the type of /S/-substituted maleimide. 

In the case where an increase in the heat-resistance of the resultant heat-resistant resin is required, it is necessary 
to increase the amount of A/-substituted maleimide units. However, if a monomer mixture containing a large amount of 
A/-substituted maleimide is polymerized, the heat-resistant resin tends to color during polymerization and heating in the 
molding process. Consequently, it is difficult to obtain heat-resistant resins of low coloring factors. 

Therefore, the use of antioxidant such as a phosphorus-based antioxidant and a phenol-based antioxidant was pro- 
posed as a method for reducing the coloring factor of a heat-resistant resin containing a large amount of N-substituted 
maleimide units in heating. 

For example. Japanese Publication for Unexamined Patent /application, No. 256551/1989 discloses a method for 
producing a styrene-methyl methacrylate-based resin composition by mixing a thioether-based organic sulfur stabilizer 
and a phosphite compound with a styrene-methyl methacrylate-based resin obtained by polymerizing monomer com- 
ponents containing methyl methacrylate. styrene and a maleimide connpound, and further mixing a bisphenol-based 
antioxidant with the styrene-methyl methacrylate-based resin, if desired, for the purpose of improving the thermal sta- 
bility. 

On the other hand. Japanese Publication for Unexamined Patent /plication, No. 304045/1988 discloses the addi- 
tion of an organic phosphorus-based compound to a methacrylate-based polymer obtained by copolymerizing methyl 
methacrylate arri a maleimide compound as a method for producing a methacrylate-based resin composition of 
improved heat decomposition resistance. /Additionally this publication discloses the addition of an organic sulfur-based 
compound to the methacrylate-based polymer, and the addition of an organic sulfur-based conrpound as a chain trans- 
fer agent during polymerization based on the above-mentioned method. 

Japanese Publication for Unexamined Patent Application. No. 116331/1994 discloses a method for producing a 
transparent heat-resistance resin by polymerizing a composition formed by adding a phosphorus-based compound to 
a monomer mixture containing A/-substituted maleimide for the purpose of reducing yellowing in the heating step. 

Thus, the above-mentioned publications describe the use of antioxidants, such as phosphorous-based compound 
and phenol-based compound, to achieve improvements in respect of the thermal stability and coloring factor. 

However, in the methods disclosed in Japanese Publication for Unexamined Patent /Application. No. 256551/1989 
and 304045/1988 above, since the antioxidant is not added during polymerization, i.e.. the antioxidant is all added after 
the completion of the polymerization, the effect on a coloring source produced during the polymerization may not be 
fully exhibited. 

Furthermore, in the method disclosed in Japanese Publication for Unexamined Patent /Application. No. 
11 633 1/1 994 above, since the antioxidant is all added to the monomer n^xture and then cast polymerization is per- 
formed, the polymerization of the monomer mixture is interfered by the antioxidant, and the conversion rate of the mon- 
omers to polymer may be lowered. Namely, the methods disclosed in the above-mentioned publications suffer from the 
problems that the efficiency of producing heat-resistant resins is low, and the heat-resistant resins tend to color more 
easily. 

In the method disclosed in Japanese Putrfication for Unexamined Patent /Application. Na 304045/1988. even when 
the organic sulf ur-t>ased compound as the chain transfer agent is added during polymerization, a sufficient coloration 
reducing effect is not produced in the polymerization. 

In addition, for example, the following publications propose a method for reducing the coloration of heat-resistant 
resins containing A/ substituted maleimide units during polymerization and molding. Japanese Publication for Unexam- 
ined Patent /Application. No. 252211/1986 proposes reducing the residual maleimide by washing polymer beads 
obtained by suspension polymerization with an alcohol having 1 to 4 cartoons. Japanese Publication for Unexamined 
Patent Application. No. 304013/1988 proposes polymerization using a specific initiator. Japanese Publication for Unex- 
amined Patent /Application. No. 310853/1993 proposes performing cast polymerization by adding a benzyl alcohol or 
substituted benzyl alcohol to the monomer mixture. 

However, these conventional methods suffer from the problems that the nun*er of production steps is increased, 
and the coloration reducing effect is not sufficient. The method disdosed in Japanese Publication for Unexamined Pat- 
ent /Application. No. 310853/1993 is cast polymerization, and alcohol is not removed. In this method, if a large quantity 
of alcohol is used, a lowering of the heat resistance and the expansion of the heat-resistant resin in heating tend to 
occur due to the alcohol remaining in the resin. Thus, there is a possibility of impairing the appearance. Consequently, 
in this method, the amount of alcohol to be added is lirrated to a small amount not greats- than 1 percent by w«ghl of 
the total amount of nranomers. for example, 0.5 percent by weiglht. As a result a sufficient oolwatfon reducing effect is 
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not exhibited. 

As a method for reducing the coloration of heat-resistant resins containing A/-substituted maleimide units during 
polymerization or molding. Japanese Publication for Unexamined Patent Application No. 234063/1987 discloses heat 
stabilization of A/-cyclohexyl maleimide by adding maleamic acid. etc. to the A/-cydohexyl maleimide. In this method 
5 suspension copolymerization of A/-cyclohexyl maleimide and vinyl chloride is performed to produce a copolymer of a 
reduced coloring factor. 

However, in this conventional method, since the /V-cyclohexyl maleimide to which the maleamic add is added is 
copolymenzed, a radical polymerization (polymerization reaction) of radical polymerlzable maleamic add and mono- 
mers of A/-cydohexyl maleimide. etc. proceeds. This may impair the transparency and heat-resistance of the resultant 
10 heat-resistant resin. 

It is an object of the present invention to provide a raw material used for producing heat-resistant resins of a low 
coloring factor, more particularly an /V-substrtuted maleimide-based heat-resistant resin having excellent heat resist- 
ance, fine appearance including transparency and a lower coloring factor. 

It is another object of the present invention to provide a heat-resistant resin produced from the above-mentioned 
raw material, more particularly an A/-substituted maleimide-based heat-resistant resin having excellent heat resistance 
fine appearance induding transparency, and a lower cotoring factor, and to provide a process for produdng such a heat- 
resistant resin, r- M Mwictiicai 

It is still another object of the present invention to provide a process for stably and simply produdng a heat-resistant 
resin having excellent transparency, heat resistance, and a low coloring factor. 

DISCLOSURE OF THE INVENTION 

"The present inventor studied the coloration of /V-cydohexyl maleimide-based heat-resisfant resins, and discovered 
that cydohexylamino sucdnic anhydride whidi is present as an impurity in A/-cydohexyl maleimide as a raw material is 
a causative agent of coloration. The present invention was completed based on this discovery 

More specifically, the raw material used for produdng heat-resistant resins of the present invention contains N- 
cydohexyl maleimide as a principal component, and the content of cydohexylamino succinic anhydride is in the range 
from 0.001 to 1 weight percent (based on the A/-cydohexyl maleimide). 

The heat-resistant resin of the present invention is obtained by copolymerizing the above-mentioned raw material 
with at least one kind of monomer copolymerizable with the raw material. The yellowness (Yl) of the heat-resistant resin 
IS not higher than 2. or the yellowness (Ylsol .) thereof in a solution is not higher than 3. preferably not higher than 2 
The following description will discuss the present invention in detail. 

The raw material used for produdng the heat-resisfant resin of the present invention contains A/-cyclohexyl male- 
n")I^! principal component, and the content of cydohexytemino succinic anhydride is adjusted in the range from 
0.001 to 1 weight percent (based on the A/-cydohexyl maleimide), more preferably in the range from 0.01 to 0.5 weight 

psrcerii. 

The heat-resistant resin of the present invention Is obtained by copolymerizing the above-mentioned raw material 
with at least one kind of monomer copolymerizable with the raw material. The yellowness (Yl) of the heat-resistant resin 
IS not higher than 2. or the yellowness (Ylsol .) thereof in a solution Is not higher than 3, preferably not higher than 2 

The A/-cyciohexyl maleimide is a known substance, and the production method thereof is also well known More 
specif ical y. /V-cyclohexyl maleimide is easily obtained by the ring closure of /V-cvclohexvlmai«imin ^hh obtained by 
reacting, for exanple, maleic anhydride with cyclohexyl amine. 

However, it has not been known that the A/-cyclohexyl maleimide thus obtained contains cydohexylamino succinic 
anhydride as an impurity. Moreover, it was first discovered by the present inventor that the cydohexylamino succinic 
anhydride is a causative agent of coloration of the /V-cyclohexyl maleimide-based heat-resistant resin. The /V-cyclohex- 
ylam.no sucanic anhydride is represented by general formula (1 ) below, and would be produced as a byproduct in pro- 
ducing A/-cyclohexyl maleimide. n 
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When the cyclohexylamino succinic anhydride content exceeds 1 weight percent, the resultant A/-cyclohexyl male- 
imide-based heat-resistant resin colors (see Comparative Examples 1 and 2). On the other hand, even when the 
cyclohexylamino succinic anhydride content is reduced to a value less than 0.001 weight percent, the reduction in col- 

20 oration corresponding to the reduction in the cyclohexylamino succinic anhydride content is not observed. Considering 
the cost of distillation for removing the cyclohexylamino succinic anhydride, it is desirable to set the minimum content 
of the cyclohexylamino succinic anhydride to 0.001 weight percent. 

A raw material containing cyclohexylamino succinic anhydride in an amount ranging from 0.001 to 1 weight percent 
is easily obtained by distilling a raw material containing aude AZ-cydohexyl maleimide as a principal component after 

25 the completion of reaction and recrystaltizing the raw material using a solvent like acetone, or repeating these proc- 
esses. 

In the present invention, the cyclohexylamino succinic content was measured as follows. 
Cvclohexvlamino succinic anhydride content 



The cyclohexylamino succinic anhydride content was measured using a high-speed chromatography (LC-10A) of 
Shimadzu Corporation according to the method explained in the Example section given later. 

In the present invention, the term ''heat-resistant resin** refers to a resin which is produced from the above-men- 
tioned raw material, has a glass transition temperature of not lower than 120 **C, and yellowness (Yl) of not higher than 
35 2 or yellowness in solution (Ylso1 .) of not higher than 3. preferably not higher than 2, more preferably not higher than 1 
when measured by the methods described below. 

Measurement of glass transition temperature 

40 The glass transition temperature of the resultant copolymer was calculated from the midpoint of a DSC (differential 
scanning calorimetry) curve measured under atmosphere of nitrogen gas from room temperature to 220 °C at a heating 
rate of 10 °C per minute using a-alumina as a reference by a differential scanning calorimeter (DSC-8230 of Rigaku 
Denki K.K.) according to JiS(Japanese Industrial Standards)-K-7121. 

45 Yellownesses (Yl and Ylsol.) 

The yellowness (Yl) of a 3.0-mm thick polymer plate formed by the heat-resistant resin of the present invention by 
the cast polymerization described in Example 1 given below, and of a 3.0-mm thick copolymer molded article produced 
from the heat-resistant resin by the method descried in Example 3 below were measured using a color difference 

50 meter (180 of Nippon Denshoku Kogyo) according to JIS-K-7103. 

15 weight percent of chloroform solution of a copolymer pellet produced from the heat-resistant resin of the present 
invention by the method described in Example 3 below was prepared. The chloroform solution was placed on a 10-mm 
thick glass cell, and its tristimutus values were measured using transmitted light accmJing to JIS-K-7103. The yellow- 
ness (Ylsol.) in solution was measured k>ased on the tristinrujlus values. 

55 Exannples of monomers which are copolymerizaWe with the raw material rantaining A/-cyclohexyl maleimide as a 
principal conponent used for producing heat-resistant resins of a low coloring factor of the present invention include 
methacrylic esters, such as methyl methacrylate; acrylic esters such as methyl acryiate; and aromatic vinyl compounds 
such as styrene and a-methyl styrene. The methyl methacrylate. methyl acryiate. styrene, a-methyl styrene are partic- 
ularly suitat)le because tiiey have excellent reactivity and give resins of high heat resistance. 
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Preferred methacryllc esters are those having either an alky! group, cyclohexyl group or benzyl group containing 1 
to 18 carbons. Examples of such methacrylic esters include methyl methacrylate, ethyl methacrylate, propyl methacr- 
ylate, isopropyl methacrylate, butyl methacrylate, isobutyl methacrylate, ^-butyl methacrylate. amyl methacrylate, iso- 
amyl methacrylate, octyi methacrylate, 2-ethylhexyl methacrylate. decyl methacrylate, lauryl methacrylate. cyclohexyl 
5 methacrylate, benzyl methacrylate. 2-phenoxyethyl methacrylate, 3-phenylpropyl methacrylate. and 2-hydroxyethyl 
methacrylate. Among these compounds, the methyl methacrylate is particularly preferred. It is possible to use only one 
kind or a combination of more than one kind of such methacrylic esters. 

One of the heat-resistant resins with a low coloring factor of the present invention is a bicomponents-copolymer of 
the above-mentioned raw material and copolymerizable monomer. Typical examples of such a bicomponents-copoly- 
10 mer include the copolymer of the raw material and methyl methacrylate. the copolymer of the raw material and 
cyclohexyl methacrylate, and the copolymer of the raw material and isobornyl methacrylate. 

The polymerization of such bicomponents-copolymers is not particularly limited in its method, and can be per- 
formed according to a conventional known method. For example, when copolymerlzing the raw material and methyl 
methacrylate, a radical polymerization of 5 to 50 weight parts of the raw material and 95 to 50 weight parts of methyl 
15 methacrylate (1 00 weight parts in total) is performed using a radical polymerization initator to be described later by the 
conventional procedure. 

As another heat-resistant resin with a low coloring factor of the present invention, a tricomponents-copolymer or 
polycomponents-oopolymer obtained by copolymerlzing the raw material, methacrylic ester (particularly, methyl meth- 
acrylate), and at least one kind of monomer selected from the above-mentioned copolymerizable monomers. 
20 Typical examples thereof include the copolymer of the raw material, methyl methacrylate and a-methyl styrene, the 
copolymer of the raw material, methyl methacrylate and styrene, and the copolymer of the raw material, methyl meth- 
acrylate and methyl acrylate. 

Like the polymerization of bicomponents-copolymer. the polymerization of such a tricomponents- or polycompo- 
nents-copolymer is not particularly limited in its method, and can be performed by a conventional method. For example, 
25 In the case of the copolymer of the raw material, methyl methacrylate and styrene, a radical polymerization of 5 to 50 
weight parts of the raw material, 95 to 50 weight parts of methyl methacrylate, styrene in an amount of not higher than 
30 weight parts based on 100 weight parts in total of the raw material and methyl methacrylate is performed using a 
radical polymerization initiator to be described later according to the conventional procedure. 

Another process for producing a heat-resistant resin of the present invention is characterized by copolymerlzing a 
30 maleimide-based monomer (maleimide-based polymerizable monomer) whose yellowness in solution is not higher 
than 1.0 and a polymerizable monomer which is copolymerizable with the maleimide-based monomer. 

Examples of such a maleimide-based monomer include A/-cyclohexyl maleimide. A/-phenyl maleimide, /V-methyl 
maleimide, A/-ethyl maleimide. A/-isopropyl maleimide, A/-f-butyl maleimide, A/-tribromophenyl maleimide. A/-lauryl 
maleimide, and A/-benzyl maleimide. 
35 Considering the industrial values, such as the transparency, low coloring factor and heat resistance of the resultant 
heat-resistant resin, the maleimide-based monomer is preferably A/-phenyl maleimide or A/-cyclohexyl maleimide. and 
more preferably A/-cyclohexyl maleimide. 

If A/-tribromopheny1 maleimide is used as the maleimide-based monomer, it is possible to impart fire retardancy to 
the resultant heat-resistant resin as well as transparency and heat resistance. It is possit>le to use only one kind, or a 
40 combination of more than one kind of the above-exemplified maleimide-based monomers. 

As the polymerizable monomer which is copolymerizable with the above-mentioned maleimide-based monomer, it 
is desirable to use the one containing methacrylic ester like methyl methacrylate as a principal component because it 
can impart the transparency. 

in this method, it is possible to improve the heat resistance of the heat-resistant resins by using a large amount of 
45 maleimide-based monomer. Moreover, even when such a large amount of maleimide-based monomer is used, if a 
maleimide-based monomer whose yellowness in solution is not higher than 1.0 is used, it is possible to reduce the col- 
oration of the resultant heat-resistant resin, thereby achieving stable production of heat-resistant resins having excellent 
transparency and a low coloring factor, whose yellowness in solution is not higher than 4. 

The present inventor studied heat-resistant resins using monomer components containing a maleimide-based 
so monomer (a) as a polymerizable monomer and a process for producing the heat-resistant resins, and discovered that 
it is necessary to reduce the amount of a non-radical polymerizable compound (b) which is contained as a byproduct in 
the maleimide-based monomer (a) and has a low melting point. Thus, a compound (c) reactive with the non-radical 
polymerizable compound (b) was used, and a reaction of the non-radical polymerizable compound (b) and the com- 
pound (c) was performed so that the resultant heat-resistant resin contained a compound (d) having lower volatility than 
55 the non-radical polymerizable conpound (b). As a result of the above-mentioned control, the inventor found a heat- 
resistant resin which exhibits excellent transparency and heat resistance and reduces the deterioration of appearance 
and transparency when molded to produce a molded article, and a simplified process for producing the heat-resistant 
resin. The present invention was completed based on this knowledge. 

Namely, the above-mentioned heat-resistant resin is a heat-resistant resin which is produced by the polymerization 
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of monomer components containing the non-radical polymerizable compound (b) and the nrialeimide-based monomer 
(a), and contains the compound (d) of lower volatility than the non-radical polymerizable compound (b), formed by the 
use of the compound (c) reactive with the non-r^ical polymerizable compound (b). 

The process for producing the heat-resistant resin of the present invention is characterized by reducing the non- 
5 radical polymerizable conpound (b) when polymerizing the monomer components containing the malelmide-based 
monomer (a) and the non-radical polymerizable compound (b) having a functional group with the use of the connpound 
(c) having a reactive group reactive with the functional group. 

As the reactive group, at least one group selected from the grotp consisting of isocyanate. epoxy. hydroxy, and 
amino groups is preferably used. The melting point of the compound (d) prepared by the reaction of the non-radical 
10 polymerizable compound (b) and the compound (c) is preferably not lower than 200 '^C. The non-radical polymerizable 
compound (b) may be a byproduct produced during the preparation of the maleimide-based monomer (a). 

It is possible to polymerize the monomer components after adding the compound (c) to the monomer components 
so as to perform a reaction of the compound (c) and the non-radical polymerizable connpound (b). It is also possible to 
add the compound (c) after the polymerization of the monomer components so as to perform a reaction of the oom- 
15 pound (c) and the non-radical polymerizable compound (b). 

The above-mentioned structure and process can impart excellefit heat resistance to the resultant heat-resistant 
resin by the use of the maleimide-based monomer (a). 

Moreover, in the above-mentioned structure and process, since the compound (c) reactive with the non-radical 
polymerizable compound (b) contained in the maleimide-based monomer (a) is used, it is possible to reduce the con- 
20 tent of the non-radical polymerizable compound (b) with a low melting point, for example, lower than 200 **C, arxl pro- 
duce a heat-resistant resin containing the compound (d) having a high melting point of not lower than 200 °C and lower 
volatility than the non-radical polymerizable compourKJ (b). Thus, in the above-mentioned structure and process, since 
the content of the non-radical polymerizak)le compound (b) in the resuKant heat-resistant resin can be reduced, it is pos- 
sible to reduce the deterioration of the appearance and transparency of a molded article produced from the heat-resist- 
25 ant resin, caused by the non-radical polymerizable compound (b). by a simplified step, for example, adding the 
connpound (c) during the polymerization. 

Another heat-resistant resin of the present invention is a heat-resistant resin produced by the polymerization of 
monomer components containing the non-radical polymerizable compound (b) and the maleimide-based monomer (a), 
and contains the compound (d) of lower volatility than the non-radical poiymerizalsle compound (b) because of the com- 
30 pound (c) reactive with the non-radical polymerizable compound (b). 

Another process for producing heat-resistant resins of the present invention is a process for producing heat-resist- 
ant resins by reducing the non-radical polymerizable compound (b) during the polymerization of monomer components 
containing the maleimide-t>ased monomer (a) and the non-radical polymerizable compound (b) having a functional 
group with the use of the compound (c) having the group reactive with the functional group. 
35 The non-radical polymerizable compound (b) is a compound having at least one functional group selected from the 
group consisting of cartx)xyl. acid anhydride, primary amino and secondary amino groups, with a non-polymerizable 
property, and a melting point in the range, for example, from 100 ""C and 200 ''C. 

The ncOT-r^ical polymerizat>le compound (b) volatilizes in the solvent removing step for producing a heat-resistant 
resin and in the molding step of the heat-resistant resin, and adheres to the vent port and mold surfaces. Ck)nsequently, 
40 the production of the heat-resistant resin becomes unstable, and the smoothness of the surface of the molded article 
produced from the heat-resistant resin is impaired, causing prot)lems such as worsening the s^^pearance of the nnolded 
article. 

The non-radical polymerizable compound (b) is an impurity which is by-produced or derived during the preparation 
of the maleimide-based monomer (a). For example, the non-radical polymerizable compound (b) is the above-men- 
45 tioned A/-cyclohexylamino succinic anhydride (hereinafter referred tot as CASA) when AZ-cydohexylmaleirrdde is used 
as the maleimide-based monomer (a), or primary amines derived from the purification of the maleimide-based mono- 
mer (a) by distillation. The content of the non-radical polymerizable compound (b) is usually 0.001 to 2 weight percent 
based on the maleimide-based monomer (a) which is industrially used. 

The compound (c) reactive with the non-radical polymerizable compound (b) is not limited to particular compounds, 
so and it is possible to use any compounds that contain at least one reactive group selected from the group consisting of 
isocyanate. epoxy, hydroxy and amino groups, and can prevent the problen^ caused by the volatilization of the non- 
radical polymerizable connpound (b) by reacting with the non-radical polymerizable compourd (b) to polymerize the 
non-radical polymerizable compound (b) in heating or in the polymerization of the monomer components. 

As a combination of the functional group of the non-radical polymerizatjie compourKl (b) and the reactive group of 
55 the comfK5und (c). when the functional group is a cartx)xyi group or acid anhydride group, the preferred reactive group 
is an epoxy group, hydroxy group or amino group. On the other hand, when the functional group is an amino group, the 
prefOTed reactive group is an isocyanate group or epoxy group. 

The compound (c) is a compound having at least one reactive group selected from the group consisting of I) isocy- 
anate group. II) epoxy group. Hi) hydroxy group, and IV) amino group, for example, a compound repr^ented by the gen- 
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I) 



II) 



III) 



IV) 



R-NCO 



R-CH-CH2 
\ / 



R-OH 



R-NH2 



O 



(where R is an alkyi, phenyl, substituted phenyl or benzyl group, or polyethylene glycol chain having 2 to 30 carbons). 

As the compound (d) obtained by the reaction of the non-radical polymerlzable compound (b) and the compound 
(c), It is desirable to use a compound whose melting point is not lower than 200 °C, or whose volatile content at a preset 
temperature (normally in the range from 250 to 300 °C) in the solvent removing step or molding of the heat-resistant 
resin is not higher than 50 weight percent, preferably, not higher than 20 weight percent. The volatile content In heating 
is calculated from a measurement of the loss in weight by the thermogravimetric analysis. 

The compound (c) is selected and added to initiate the reaction with the non-radical polymerlzable compound (b) 
so as to achieve the above-mentioned melting point or the loss in weight in the above-mentioned range. As a result, the 
volatility of the compound (d) obtained by the reaction of the non-radical polymerlzable compound (b) and the com- 
pound (c) becomes less than that of the non-radical polymerlzable compound (b). 

Thus, the addition of the compound (c) prevents a lowering of the surface smoothness of a molded article due to 
the non-radical polymerlzable compound (b) which easily volatilizes and is hard to be removed from the maleimide- 
based monomer (a) in molding the heat-resistant resin. It is therefore possible to prevent the surface smoothness, opti- 
cal properties including transparency, and appearance of the molded article from being impaired. 

Moreover, in the solvent removing step during the production of the heat-resistant resin, it is possible to prevent the 
production of the heat-resistant resin from becoming instable due to the adhesion of the non-radical polymerlzable com- 
pound (b) to the reducing line or the adhesion of the non-radical polymerizable compound (b) as gum to the outlet of 
the resin without performing purification, etc.. for removing the non-radical polymerizable compound (b) from the male- 
imide-based monomer (a). 

The non-radical polymerizable compound (b) and the compound (d) are obtained by performing separation using 
telrahydrofuran (THF) as a eluting solution in a GPC column, and then condensation and drying. The melting point and 
the loss in weight of each of the non-radical polymerizable compound (b) and compound (d) are measured. 

The timing to add the compound (c) is 

1) before polymerization, i.e., the compound (c) is mixed with the maleimide-based monomer (a), solvent, and mon- 
omer components, and then a mixed solution of the non-radical polymerizable compound (b) and the compound (c) 
reacted by heating is polymerized, 

2) during polymerization, i.e., the compound (c) is added when performing polymerization, and the reaction of the 
non-radical polymerizable compound (b) and the compound (c) is carried out while performing the polymerization 
by heating, or 

3) after polymerization, i.e.. the compound (c) Is added after polymerization and heated to cause a reaction with 
the non-radical polymerizable compound (b). 

The heating temperature is not particularly limited if it is a temperature at which the reaction of the non-radical 
polymerizable compound (b) and the compound (c) is carried out. However, considering the vapor pressure of a solvent 
used, the reaction efficiency of the non-radical polymerizable compound (b) and the compound (c), and the temperature 
for performing a polymerization, the preferred heating temperature is usually within the range between 60 °C and 150 

°C. 

Examples of the monomer components are those formed by 10 to 60 weight percent, more preferably 15 to 50 
weight percent of the maleimide-based monomer (a) containing the non-radical polymerizable compound (b), and 90 to 
40 weight percent, more preferably 85 to 50 weight percent of one kind of other copolymerizable monomer or a mixture 
of more than one kind of other copolymerizable monomers. 

When a compound containing methacrylic ester as a principal component is used as the other copolymerizable 
monomer, it is possible to stably produce a heat-resistant resin which exhibits high heat resistance while maintaining its 
excellent optical properties and moldability. 

In this specification, the expression "weight percent" means that the monomer components are loaded so that the 
total thereof always becomes 100 weight percent. For instance, when 15 weight percent of the maleimide-based mon- 
omer (a) Is loaded, the loading of methacrylic ester is readily set at 85 weight percent. 
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Still another process for producing heat-resistance resins of the present invention is a process for producing heat- 
resistant resins by the polymerization of monomer components having a radical polymerization property, and charac- 
terized by achieving the coexistence of part of an antioxklant during the polymerization of the monomer components 
and adding the remaining antioxidant after the polymerization of the monomer components. 

In this process, since part of the antioxidant coexists during the polymerization, it is possible to prevent the gener- 
ation of coloring components during the polymerization without interfering with the polymerization. Moreover, since the 
remaining antioxidant is added after the polymerization, it is possible to sufficiently reduce the coloration of the heat- 
resistant resins in heating perfomied after the polymerizatiai. for example, in the solvent removing step or molding. 
Consequently, heat-resistant resins with a reduced coloring factor can be efficiently produced. 

Another process for producing a heat-resistant resin of the present invention is characterized in that the antioxidant 
is at least one kind of antioxidant selected from the group consisting of phenol-based antioxidants and phosphorus- 
based antioxidants. This process can further reduce the coloration of the resultant heat-resistant resins. 

Another process for producing heat-resistant resins of the present invention is characterized in that the antioxidant 
is a hindered phenol-based antioxidant. This process can further reduce the coloration of the resultant heat-resistant 



15 resins. 



Another process for producing heat-resistant resins of the present invention is characterized in that the sum of anti- 
oxidants used is in the range from 0.0001 to 1 weight parts based on 100 weight parts of the monomer components, 
and the weight ratio of the antioxidant which coexists during polymerization to the antioxidant which is added after the 
polymerization is in the range from 1 /99 to 99/1 . , »■ * 

In this process, it is possible to certainly prevent interference in polymerization, and surely reduce the coloraton of 
the resultant heat-resistant resins. ^ . u * m i 

Another process for producing heat-resistant resins of the present invention is characterized in that the radical 
polymerizable monomer components further contain a maleimide-based monomer. This process can provide heat- 
resistant resins vwth excellent heat resistance. 

Another process for producing heat-resistant resins of the present invention is characterized in that the radical 
polymerizable monomer components further contains a methacrylic ester. This process can provide heat-resistant res- 
ins with excellent transparency. ^ ■ ^ 1 

The process for producing heat-resistant resins of the present invention uses an antioxidant for reducing the color- 
ation of heat-resistant resins, causes part of the antioxidant to coexist during the polymerization of the monomer com- 
ponents and adds the remaining antioxidart to the monomer components after the completion of the polymerization. 

As ttie antioxidant which coexists during the polymerization of the monomer components, it is possible to use at 
least one kind of antioxidant which is selected from the group consisting of phenol-based antioxidants and phospho- 
rous-based antioxidants and can reduce the generation of coloring components during the polymenzation. Among 
these antioxidants, it is preferred to use at least a phenol-based antioxidant. 

Particularly preferred hindered phend-based antioxidants are those in which the approach of other monomers to 
the hydroxy group is three-dimensionally prevented. Examples of such hindered-phenol-based antioxidants include 2.4- 
bis(/V-octylthio)-6-(4-hydroxy-3.5-di-f-butyl anilino)-1, 3. 5-triazine. 2.2--thiobis-(4-methyl-6-f-butyl phenol), triethylene 
glycol-bis-[3-(3-f-butyl-5-methyl-4-hydroxyphenyl)propionate], pentaerythrityl-tetrakisI3-(3.5-di-f-butyl-4-hydroxyphe- 
nyl)propionatel, octadecyl-3-(3,5-di-Nbutyl-4-hydroxyphenyl)propionate, 2.2-thiodiethylene-bis[3-(3,5-di-f-butyl-4- 
40 hydroxyphenyl)propionate]. l,6-hexanediol-bis[3-(3.5-di-f-butyl-4-hydroxyphenyl)propionate]. tris-(3,5-di-r-bu1yl-4- 
hydroxybenzyl)-isocyanurate. 1 .3,5-trimethyl-2.4.6-tris(3.5-di-r-butyl-4-hydroxybenzyl)benzene. N.N-hexamethyl- 
enebis(3 5^ji-f-butyl-4-hydroxyhydrocinnamamide). and 3.5-di-f-butyl-4-hydroxy-benzyl phosphonate-diethyl ester. It is 
possible to use one Wnd or more than one kind of these compounds. Among these compounds, it is partlculariy pre- 
ferred to use pentaerythrityl-tetrakis[3-(3.5-di-f-butyl-4-hydroxyphenyl)propiona1e]. 

The phenol-based artioxidanl can be used solely. However, the coloration of the heat-resistant resin can further be 
reduced if the phenol-based antioxidant is used together with a phosphorous-based antioxidant. Examples of the phos- 
phorous-based antioxidant include trisnonylphenyl phosphite, triphenyl phosphite, triiauryl trithiophosphite, tnoctadecyl 
phosphite diisodecyl pentaerythritol diphosphite, distearyl pentaerythritol diphosphite, 1,3,5-tris(3,5-di-f-butyl-4- 
hydroxybenzyl)-S-triazine-2.4.6-{1H,3H.5H) trione. tris(2,4-di-/-butylphenyl)phosphite dinonylphenyl pentaerythntol 
diphosphite di(2.4-di-f-butylphenyl)pentaelithritol diphosphite. tetraphenyl dipropylene glycol diphosphite. 4.4*-iso- 
butylidenebis-(3-methyl-6-/-butylphenylditridecyl phosphite). 4.4-isopropylidenediphenyl tetradodecylphosphite. 1.1 .3- 
trisr(2-methyl-4-ditridecyl phosphite-5-/-butyl)phenyllbutane. tetraphenyltetradecyl pentaerythritol tetraphosphite. 
poly(dipropylene glycol) phenyl phosphtte. bisphenol A pentaerythritol phosphite, hydro bisphenol A phosphite resin. 
910-dihydro-9-oxa-10-phosphaphenanthrene-10-oxide. l0-decyloxy-9.10-dihydro-9-oxa-10-phosphaphenanthrene 
tetrakis(2.4-di-f-butylphenyl)-4.4'-biphenylene phosphonite. o-cyclohexyl phenyl phosphite. tris(2.4-di-f-butylphenyl) 
phosphite It is posstole to use one Wnd or more than one kinds of these compounds. 

The amount of the antioxidant which coexists during the polymerization of the monomer components is preferably 
0 0001 to 0.05 weight parts, and more preferably 0.001 to 0.02 weight parts, based on 1 00 weight parts of the monomer 
conponents. If more than 0.05 parts of the antioxidant coexists in the polymerization of the monomer components, the 
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polymerization rs interfered, and the conversion rate is lowered, causing an undesirable result. On the other hand if the 
content of the antioxidant which coexists during the polymerization of the monomer components is less than 0 0001 
weight parts, the generation of coloring components during the polymerization may not be sufficiently suppressed. 
Although the addition of the antioxidant before the polymerization of the monomer components is preferred the 

5 method of allowing the coexistence of the antioxidant during the polymerization of the monomer components is not'par- 
ticularly limited. For example, after initiating the polymerization of the monomer components, the antioxidant may be 
consecutively added during the polymerization. 

On the other hand, as the antioxidant to be added after the completion of the polymerization of the monomer com- 
ponents. It IS desirable to use an antioxidant capable of reducing the generation of coloring components in heating like 

w in the solvent removing step and molding performed after the completion of the polymerization. It is possible to use at 
least one kind of an antioxidant selected from the group consisting of phenol-based antioxidants and phosphorous- 
based antioxidants. The use of at least a phenol-based antioxidant is more preferred. 

As the phenol-based antioxidant, the above-mentioned hindered phenol-based antioxidants are particularly pre- 
ferred. It IS possible to use the phenol-based antioxidant alone, but the use of the phenol-based antioxidant together 

15 With the above-mentioned phosphorous-based antioxidant can further reduce the coloration of the heat-resistant resin 
As the antioxidant to be added after the polymerization of the monomer components, a compound which is the same 
as ordifferent from the antioxidant which coexists during the polymerization of the monomer components can be used 
The amount of antioxidant to be added after the polymerization of the monomer components is preferably in the 
range from 0.01 to 1.0 weight parts, and more preferably in the range from 0.02 to 0.5 weight parts based on 100 

20 weight parts of the monomer components. If the amount of the antioxidant added after the polymerization of the mon- 
omer components is less than 0.01 weight parts, the coloration of the heat-resistant resin in heating performed after the 
completon of the polymerization may not be sufficiently suppressed. Moreover, the addition of more than 1 0 weight 
part of the antioxidant after the completion of the polymerization of the monomer components is not an efficient method 
because a coloration reducing effect corresponding to the increase in the amount of the antioxidant cannot be pro- 

25 duced. ^ 

Furthermore, it is preferred to arrange the sum of antioxidants (the sum of the antioxidant which coexists during the 
polymenzaton and the antioxidant added after the completion of the polymerization) to be in the range from 0 01 to 1 
weight part based on 1 00 weight parts of the monomer components, and the weight ratio of the antioxidant which coex- 
i^s dunng the polymerization to the antioxidant which is added after the polymerization to fall in the range from 1/99 to 
99/1 . This arrangement can improve the conversion rate by preventing the antioxidant from interfering with the polym- 
enzaton. and suffiaently suppress both the generation of coloring components during the polymerization and the col- 
oraton of the heat-resistant resin in heating performed after the completion of the polymerization. 

If the sum of the antioxidants is less than 0.01 weight parts, the coloration of the heat-resistant resin in heating per- 
tormaJ after the completion of the polymerization may not be sufficiently suppressed. On the other hand, e/en if more 
than 1 .0 weight part of antioxidant is added after the completion of the polymerization of the monomer components a 
coloration reduang effect corresponding to the increase in the amount of antioxidant is not observed. Thus this is riot 
an efficient method. 

As a method of adding the antioxidant after the completion of the polymerization of the monomer components it is 
preferred to add the antioxidant before treating a polymeric liquid obtained after the convletion of the polymerization of 
the monomer components, for example, before the solvent removing step in the case of solution polymerization 

As the radical polymerizable monomer components, it is desirable to use monomer components which are not 
colored during polymerization or in heating performed after the polymerization by the use of alcohol However mono- 
mer components containing the above-mentioned maleimide^ased monomer is particularly preferred because it can 
provide heat-resistant resins with excellent heat resistance. In order to improve the transparency of the resultant heat- 
resistant resins, it is prefen-ed to use monomer components containing the above-mentioned methacrylic ester 

It IS possible to use only a maleimide-based monomer, or a mixture of a maleimide-based monomer and a polym- 
erizable monomer which is copolymerizable with the maleimide-based polymerizable monomer (hereinafter referred to 
as the "monomer mixture") as the above-mentioned monomer components containing a maleimide-based monomer 

The above-mentioned compounds can be used as the above-mentioned maleimide-based monomer. Considering 
the industrial values, such as the transparency, low coloring factor and heat resistance, of the resultant heat-resistant 
resii«. /V-phenyl maleimide and W-cydohexyl maleimide are preferred, and A/-cyclohexyl maleimide is more preferred 
in addition, if A/-tribromophenyl maleimide is used, it is possible to impart flame retardancy to the resultant heat-resist- 
ant r^ins as well as the transparency and heat resistance. It is possible to use only one kind or a mixture of more than 
one kind of the atKDve-exemplified maleimide-based monomers. 

As the copolymerizable polymerizable monomer (hereinafter referred to as the "copolymerizable monomer") it is 
desirat}le to use a compound having an unsaturated bonding copolymerizable with the maleimide-based monomer 
Examples of such a compound are the above-mentioned methaaylic ester, and other monomers which are copolymer- 
izable wjth both the maleimide-based monomer the methacrylic ester. It is possible to use one kind or more than one 
Kind of the above-mentioned other monomers. 
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As the copolymerizable monomer, it is preferred to use methacrylic ester, and rt is more preferred to use the meth- 
acrylic ester together with an aromatic vinyl or acrylic ester in order to obtain highly transparent heat-resistant resins. 
Further, the polymerizable monomer preferably contains methacrylic ester as a principal component. 

The ratio of the maleimide-based monomer to the monomer components (maleimide-based monomer or monomer 

5 mixture) is 10 to 60 weight percent, and more preferably 15 to 50 weight percent If the ratio of the maleimide-based 
monomer is less than 10 weight percent, there is a possibility of lowering the heat resistance of the heat-resistant res- 
ins. On the other hand, if the ratio of the maleimide-based monomer is more than 60 weight percent, since the ratio of 
the copolymerizable monomer as other monomer components inevitably becomes less than 40 weight percent, there 
is a possibility of lowering of the physical properties, such as the transparency, of the resultant heat-resistant resin. 

10 As a method of polymerizing the afe>ove-mentioned monomer components, it is possible to use polymerization 
methods using a solvent, sudi as solution polymerization, bulk polymerization, and suspension-bulk polymerization. 
Among these polymerization methods, solution polymerization is particularly suitable becaise it allows easy control of 
the composition and molecular weight of the heat-resistant resin. 

Next, the following description will discuss in detail the monomer mixture used for the production of the heat-resist- 

15 ant resins. 

As the above-mentioned polymer mixture, it is desirable to use a mixture containing 10 to 60 weight percent, more 
preferably 15 to 50 weight percent of maleimide-based monomer, and 90 to 40 weight percent, more preferably 85 to 
50 weight percent of methacrylic ester, and. if necessary. 0 to 20 weight percent of other monomer copolymerizatMe with 
the maleimide-based monomer and the methacrylic ester. Such a loading allows stable production of highly transparent 
20 heat-resistant resins while maintaining excellent optical properties and moldability. 

In this specification, the expression 'Nweight percent" means that the monomer components are loaded so that the 
total thereof always becomes 100 weight percent. For instance, when 15 weight percent of the maleimide-based mon- 
omer is loaded, the loading of methacrylic ester is readily set at 85 weight percent. 

The ratio of the methacrylic ester to the monomer mixture is preferably in the range from 40 to 90 weight percent. 
25 If the ratio of the maleimide-t>ased monomer is less than 40 weight percent, there is a possibility that the excellent prop- 
erties of methacrylic ester, such as the transparency deteriorate in the resultant heat-resistant resins. On the other 
hand, if the ratio of the methacrylic ester is more than 90 weight percent, since the ratio of the maleimide-based mon- 
omer inevitably becomes less than 10 weight percent, there is a possibility that the resultant heat-resistant resins show 
lowered heat resistance. 

30 The above-mentioned monomer mixture may contain other monomers, if necessary. It is desirable to use com- 
pounds copolymerizable with the maleimide-based monomer and the methacrylic ester as the other monomers. Exam- 
ples of the other monomers include: aromatic vinyls; unsaturated nitriles; acrylic esters; olefins; dienes; vinyl ethers; 
vinyl esters; vinyl fluorides; allyl esters or methacrylic esters of saturated aliphatic monocarlx)xylic acids such as allyl 
propionate; poly(meth)acry!ates; polyallylates; glyddyl compounds; and unsaturated carboxylic acids. Among these 
35 exemplified compounds, aromatic vinyls are particularly preferred. 

Examples of the aromatic vinyls include styrene. a-methylstyrene, paramethylstyrene. isopropenyl styrene, vinyl 
toluene, and chlorostyrene. Among these aromatic vinyls, styrene is particularly prefen-ed. 

Examples of the unsaturated nitriles include acrylonitrile. methacrylonitrile, ethacrylonitrile. and phenyl acrytonitrile. 
As the above-mentioned acrylic esters, an acrylic ester having at least one group selected from the group consisting of 
40 alkyl, cyclohexyl and benzyl groups having 1 to 18 carbons. 

Examples of the acrylic esters include methyl acrylate. ethyl acrylate. propyl acrylate. isopropyl acrylate. butyl acr- 
ylate. isobutyl acrylate. f-butyl acrylate, amyl acrylate. isoamyl acrylate. octyl aaylate, 2-ethylhexyl acrylate. decyl acr- 
ylate. lauryl acrylate, cyclohexyl acrylate. benzyl acrylate. and 2-hydroxylethyl acrylate. 

Examples of the above-mentioned olefins include ethylene, propylene, isobutylene, and diisobutylene. Examples of 
45 the dienes are buthadiene, and isoprene. Examples of the vinyl ethers are methyl vinyl ether, and butyl vinyl ether. 
Examples of the vinyl esters are vinyl acetate, and vinyl propionate. One example of the vinyl fluoride is vinylidene flu- 
oride. 

Examples of the above-mentioned poly{meth)acrylates include ethylene glycol di(meth)acrylate. diethylene glycol 
(meth)acrylate, cfivinyl benzene, diallyl phthalate, trimethylolpropane tri(meth)acrylate. hexanediol di(meth)acrylate. 
so perrtaerythritol tetra(meth)acrylate, dipentaerythritol hexa(meth)acrylate, di(meth)acrylate of bisphenol A-ethylene 
oxide or propylene oxide addition product. di(meth)acrylate of halogenated bisphenol A-ethylene oxide or propylene 
oxide addition product, and di or tri(meth)acrylate of isocyanurate-ethylene oxide or propylene oxide addition product- 
One example of the above-mentioned polyallylates is triallyl isocyanurate. Examples of the above-mentioned glyd- 
dyl compounds are glyddyl (meth)acrylate. and allyl glycidyl ettier. Examples of the above-mentioned unsaturated car- 
55 boxylic adds indude acrylic add. methacrylic add. itaconic acid, maleic add. fumaric add. and their semi-esterif ied 
compouncte or anhydrides. It is possible to use only one kind or a mixture of more than one kind of the exemplified com- 
pounds as the other monomers. 

The ratio of the other monomers to the monomer mixture is prefeFat)ly in the range from 0 to 20 weight percerrt The 
ratio of the aromatic vinyls to the mmomer mixture is preferably less than 15 weight pe'cent. If the ratio of the other 
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monomers to the monomer mixture is more than 20 weight percent, or if the ratio of the aromatic vinyls to the monomer 
mixture is not less than 15 weight percent, there is a possibility of lowering the transparency, heat resistance and 
weather resistance of the resultant heat-resistant resins. 

Another process for producing heat-resistant resins of the present invention is characterized in polymerizing the 
5 above-mentioned monomer mixture using a solvent containing alcohol, and then distilling off and separating volatile 
components containing alcohol under heating and reduced pressure. 

In this process, with the use of a large amount of alcohol, it is possible to sufficiently prevent the coloration of heat- 
resistant resins during polymerization or heating performed after the polymerization, and provide heat-resistant resins 
of a lower coloring factor. Moreover, even when a large amount of alcohol is used, since the volatile components con- 
10 taining alcohol are distilled off and separated under heating and reduced pressure so as to prevent the alcohol from 
remaining in the resin, it is possible to prevent the resultant molded article from having disadvantages caused by the 
alcohol, namely lower heat resistance and impaired appearance, in addition, since the volatile components containing 
alcohol are separated, if the alcohol Is recovered and reused, the production efficiency can be improved. 

A process for producing heat-resistant resins of the present invention is characterized in polymerizing the at>ove- 
15 mentioned monomer mixture using a solvent, adding alcohol, and then distilling off and separating volatile components 
containing alcohol under heating and reduced pressure. 

In this process, with the use of a large amount of alcohol, it is possible to sufficiently prevent the coloration of heat- 
resistant resins during heating performed after the polymerization, lor example, in the solvent removing step or molding, 
thereby providing heat-resistant resins of a lower coloring factor. Moreover, even when a large amount of alcohol is 
20 used, since alcohol is added after the polymerization but before the solvent removing step and the volatile components 
containing alcohol are distilled off and separated under heating and reduced pressure so as to prevent the alcohol from 
remaining in the resin, it is possible to obtain heat-resultant resins of excellent physical properties including mechanical 
strength without problems, such as the inhibition of polymerization and a lowering of the molecular weight caused by 
the alcohol. 

25 As the above-mentioned alcohol, alcohols represented by general formula (2) 

R-OH (2) 

(wherein R is a chained or branched alkyl. alkenyl, cycloalkyl. phenyl, subslituted-phenyl. benzyl, 2-phenyl ethyl, or cin- 

30 namyl group having 5 to 30 carbons). 

Examples of such an alcohol include aliphatic alcohols, such as n-pentanol, n-hexanol, n-ocland, and n-dodeca- 
nol; cycloalkanols, such as cyclopentanol. and cyclohexanol; benzyl alcohol; 2-phenyl ethanol; and cinnamic alcohol. It 
is possible to use only one kind or a mixture of more than one kind of the above alcohols. 

The boiling point of alcohol suitable for distilling off the alcohol as volatile components in the solvent removing step 

35 performed after the solution polymerization depends on the temperature and the degree of reduced pressure in the sol- 
vent removing step. In general, when the content of the maleimide-based monomer unit in the resultant heat-resistant 
resin is in the range from 10 weight percent to 60 weight percent, the boiling point of alcohol is preferably in the range 
from 80 to 300 *»C, and more preferably in the range from 120 to 260 °C. When the boiling point of alcohol is in such a 
range, the alcohol can be easily distilled off as volatile components after the completion of polymerization. 

40 The amount of alcohol is preferably in the range from 0. 1 weight parts to 20 weight parts, and more preferably from 
1 weight part to 5 weight parts. k>ased on 100 weight parts of the monomer mixture. If the amount of alcohol is below 
this range, a sufficient coloration reducing effect is not produced. On the other hand, if the amount of alcohol is over this 
range, the alcohol affects the polymerization and the solubility of the resultant polymer, for example, the polymer is sep- 
arated out and sufficient agitation cannot be performed. Thus, the addition of alcohol in an amount exceeding this range 

45 is also not preferred. 

As the method of adding alcohol, it is possible to add alcohol before or during polymerization, and use the alcohol 
at least as part of a solvent, or it is possible to add alcohol before the solvent removing step after the polymerization. 
Between these methods, the addition of alcohol before performing the solvent removing step after the polymerization is 
more preferred because this method produces a sufficient coloration reducing effect and prevents vicious effects such 
so as a lowering of the molecular weight due to the inhibition of polymerization and chain transfer in the polymerization. 

When adding an alcohol before or during polymerization, it is possible to perform polymerization by using only the 
alcohol as a solvent. However, it is preferred to mix an alcohol with other solvent. 

As the solvent to be mixed with an alcohol, it is desirable to use common organic solvents, such as toluene, xylene, 
ethyl benzene, isopropyl benzene, methyl isobutyl ketone, butyl Cellosolve (ethylene glycol butyl ether). N.N'-dimethyl 
55 fbrmamide, 2-methyl pyrrolidone. and methyl ethyl ketone. Among these solvents, prefen-ed organic solvents are those 
which can be distilled off as volatile components in the solvent removing step performed after the polymerization and 
ease the removal of the alcohol by distillation. For example, toluene is suitably used. When adding the alcohol before 
the solvent removing step performed after the polymerization, the above-mentioned solvents can be used as a solvent 
in the polymerization. The amount of the solvent is not particularly limited. 
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The volatile components containing the alcohol added are distilled off and separated by heating the mixture under 
reduced pressure in the solvent removing step performed after the polymerizalion. The conditions for the solvent 
removing step, such as the temperature and the degree of reduced pressure, are selected by considering the boiling 
point of the alcohol, etc. so as to sufficiently reduce the amount of the remaining alcohol. More specifically, for example. 
5 it is preferred to use an extruder to distill off and separate the volatile components by heating the mixture to a temper- 
ature higher than 180 at which the heat-resistant resin melts under reduced pressure. If the temperature in the sol- 
vent removing step is lower than 180 °C. the amount of the remaining alcohol may not be sufficiently reduced. 

By distilling off the volatile conponents containing the alcohol in such a manner, the amount of the alcohol remain- 
ing in the heat-resistant resin can be sufficiently reduced. Consequently, even if a large amount of alcohol is used, it is 
JO possible to prevent a lowering of the heat resistance of the heat-resistant resin, and defective appearance like a silver 
streak when the heat-resistant r^in is molded. 

It is thus possible to sufficiently prevent the coloration of the heat-resistant resin in heating during polymerization 
and the solvent removing step after the polymerization, with the use of a large amount of alcohol. Moreover, it is possi- 
ble to inrprove the production efficiency by recovering and reusing the alcohol which is distilled off. 
15 A still another process for producing heat-resistant resins of the present invention is characterized In polymerizing 
the above-mentioned monomer mixture in the presence of a non-radical polymerizaWe add anhydride and/or a non- 
radical polymerizable cartx)xyllc acid. 

In this process, it is possible to sufficiently prevent the coloration of the heat-resistant resins in heating performed 
during or after the polymerization while preventing a lowering of the transparency and heat-resistance. It is thus possi- 
20 ble to stably produce heat-resistant resins having excellent transparency and heat resistance, and a low coloring ^ctor. 
A still another process for producing heat-resistant resins of the present invention is characterized in adding a non- 
radical polymerizable add anhydride and/or a non-radical polymerizable carboxyllc acid after polymerizing the above- 
mentioned monomer mixture. 

In this process, it is possible to suffidently prevent the coloration of the heat-resistant resins during heating per- 
25 formed after the polymerization, for example, heating performed in the solvent removing step or molding, while prevent- 
ing a lowering of the transparency and heat-resistance. It is thus possible to stably produce heat-resistant resins having 
excellent transparency and heat resistance, and a low coloring factor. 

Moreover, in this process for produdng heat-resistant resins, it is preferred to use a monomer mixture containing 
methacrylic ester in order to achieve a further improvement of the transparency of the resultant heat-resistant resins. 
30 The above-mentioned invention will be explained in detail below. 

A process for produdng heat-resistant resins of the present invention indudes polymerizing the above-mentioned 
monomer mixture in the presence of a non-radical polymerizable add anhydride and/or non-radical polymerizable car- 
k)0xyllc acid. Alternatively, a process of producing a heat-resistant resin of the present invention includes adding a non- 
radical polymerizable acid anhydride and/or non-radical polymerizable cart>oxylic acid after polymerizing the above- 
as mentioned monomer mixture. 

As the copolymerizaWe monomer, it is prefen-ed to use methacrylic ester in order to obtain a highly transparent 
heat-resistant resin. It is more preferred to use aromatic vinyls and acrylic esters together. The principal component of 
the copolymerizable monomer is desirably methacrylic ester. 

As a method of polymerizing the monomer mixture, solution polymerization, bulk polymerization, suspension 
40 polymerization, emulsion polymerization, etc. can be used. The solution polymerization is particularly suitable because 
it can easily control the conposition and molecular weight of the heat-resistant resin. On the other hand, in a method 
in which the removal of solvent is carried out by performing solution polymerization or bulk polymerization, it is possit3le 
to further enhance the effect of reducing the coloration of the heat-resistant resin. When performing polymerization 
using a solvent, it is desirable to use the above-mentioned common organic solvents. The amount of solvent is not par- 
45 ticularly limited. 

In the production process of the present invention, at least one compound selected from the group consisting of 
non-radical polymerizable acid anhydrides and non-radical polymerizable carboxylic adds (hereinafter referred to as 
the "non-radical polymerizable acid componentT is added in order to reduce the coloration of the heat-resistant resins. 
The term "non-radical polymerizable" used in this specification means unpossesdng of a cartxjn-carbon unsaturated 
50 bond, or possessing of a cart>on-cart>on ur^turated bond which is not radical -polymerized with a maleimide-based 
monomer or copolymerizable monomer. 

More specifically, the non-radical polymerizable acid components are non-radical polymerizable cartjoxylic acids 
represented by general formula (3) 



(wherein R is a hydrogen atom, straight-chain or blanched alkyl group, alkenyl group, phenyl group, sut5Stituted phenyl 
group or benzyl group having 1 to 30 carbons, or polyethylene glycol chain), and non-radical polymerizable add anhy- 
drides represarted by general formula (4) 



55 



R-COOH 



(3) 
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(R-C0)20 (4) 

(wherein R Is a hydrogen atom, straight-chain or blanched alkyi group, alkenyl group, phenyl group, substituted phenyl 
group or benzyl group having 1 to 30 carbons, or polyethylene glycol chain). 
5 Examples of the non-radical polymerizable carboxyllc acids include acetic acid, propionic acid, butyric acid, valeric 

acid, caproic acid, caprylic acid, capric acid, lauric acid, stearic acid, oleic acid, linolic acid, linolenic acid, benzoic acid, 
cyclohexane carboxylic acid, phthalic acid, isophthalic acid, and terephthalic acid. It is possible to use one kind or more 
than one kind of these non-radical polymerizable carboxylic acids. 

Examples of the non-radical polymerizable acid anhydrides include the anhydrides of the above-mentioned non- 
10 radical polymerizable carboxylic acids, such as acetic anhydride, propionic anhydride, and phthalic anhydride. It is pos- 
sible to use one kind or more than one kinds of these anhydrides. The non-radical polymerizable acid anhydrides are 
particularly suitable for use as the non-radical polymerizable acid components because they have a significant effect of 
reducing the coloration of the heat-resistant resins. 

The tailing point of the non-radical polymerizable acid component is not particularly limited. However, when per- 
15 forming polymerization using a solvent, it is desirable to have a low boiling point so that the non-radical polymerizable 
acid component is distilled off in the solvent removing step performed after the polymerization. 

The mechanism of the coloration reducing effect of these non-radical polymerizable acid components has not been 
clearly known. However. It is predicted that the non-radical polymerizable acid components react with amine compo- 
nents which are present as Impurities in the maleimide-based monomer, convert the amine components into amido, 
20 and reduce the coloration of the heat-resistant resins due to oxidation. Moreover, when a phenol-based polymerization 
inhibitor is contained in the monomer mixture, it is predicted that the non-radical polymerizable acid components cause 
acetylatlon of the phenol-based polymerization inhibitor, and reduce the coloration of the heat-resistant resins due to 
oxidation. 

The amount of the non-radical polymerizable acid components is preferably in the range from 0.01 weight parts to 
25 10 weight parts, more preferably from 0.05 weight parts to 1 weight part, based on 100 weight parts of the monomer 
mixture. If the amount of the non-radical polymerizable acid components is below this range, it is Impossible to produce 
a sufficient coloration reducing effect. On the other hand, if the amount of the non-radical polymerizable acid compo- 
nents exceeds this range, the heat resistance of the resultant heat-resistant resins may be lowered. Moreover, when 
polymerization is performed in the presence of a non-radical polymerizable acid component, the polymerization may be 
30 affected. 

As the method of adding the non-radical polymerizable acid component, the non-radical polymerizable acid com- 
ponent may be added before or during polymerization. When adding the non-radical polymerizable acid component 
before polymerization, or before heating after the polymerization, for example, before the solvent removing step If 
polymerization is performed using a solvent. Among these methods, the addition of the non-radical polymerizable acid 

35 component before polymerization Is particularly preferred. 

If the non-radical polymerizable acid conrponent has a relatively low boiling point, it is possible to distill off the non- 
radical polymerizable acid component. Namely for example, by heating the non-radical polymerizable acid component 
under reduced pressure in the solvent removing step after performing solution polymerization or bulk polymerization 
using a solvent, it is possible to distill off the non-radical polymerizable acid component. The conditions such as the tem- 

40 perature and the degree of reduced pressure in the solvent removing step are not particularly limited, and can be 
selected by taking the boiling point of the non-radical polymerizable add component, etc. into consideration so as to 
achieve a sufficient reduction in the amount of remaining non-radical polymerizable acid component. 

When the non-radical polymerizable acid component Is distilled off in the manner mentioned above, the amount of 
non-radical polymerizable acid component remaining in the heat-resistant resin can be reduced. As a result, the color- 

45 ation of the heat-resistant resins during polymerizatfon and heating performed after the polymerization, for example, In 
the solvent removing step, can be prevented. Moreover, there is no possibility that the non-radical polymerizable acid 
component causes a lowering of the heat resistance of the heat-resistant resin, and the appearance of the heat-resist- 
ant resin is impaired. Additionally, it is possible to improve the production efficiency and production cost by recovering 
and reusing the non-radical polymerizable acid component. 

50 Moreover, when initiating the polymerization of the monomer mixture, a polymerization initiator is added. Examples 
of the polymerization initiator include organic peroxides, such as benzoyl peroxide, lauroyi peroxide, methyl ethyl ketone 
peroxide, f-butyl peroxy octoate. f-butyl peroxy benzoate, f-butyl peroxy-2-ethyl hexanoate. t-amyl peroxy-2-ethyl hex- 
anoate. cumene hydroperoxide, cydohexanone peroxide, dicumyl peroxide, bis(4-f-butyl cyclohexyl) peroxy dicarbo- 
nate. and f-butyl peroxy isopropyl carbonate; and azo compounds, such as 2,2'-azobisisobutyronitrile. and 2-phenyl 

55 azo-2,4-dimethyl-4-methoxy valero nitrile. 

It is possible to use only one kind, or a mixture of more than one kind of these polymerization initiators. The amount 
of the polymerization Initiator added to the monomer mixture is not particularly limited. 

For the control of the molecular weight of copolymer, it Is possible to use a chain transfer agent, for example, alkyI 
mercaptans such as butyl mercaptan and octyl mercaptan. and a-styrene dimer. 
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In the production process of the present invention, it is possible to add various types of additives, for exanrple, 
known additives like ultraviolet light absortjers and stabilizers, during or after the polymerization. 

The heat-resistant resins produced by the production process of the present invention can be used as they are. or 
blended with other synthetic resins, for example, polymethylmethacrylate resin, styrene-methyl methacrylate resin. ABS 
resin, AES resin, MBS resin, polystyrene, and PPE resin, using an extruder, etc. 

Since the heat-resistant resins of the present invention have excellent heat resistance and transparency, and a low 
coloring factor, they are suitable for use as material of parts which require not only heat resistance and transparency 
but also beautiful appearance, such as a base of optical material like optical disks, automobile parts, covers for lights, 
and electrical equipment parts. 

BRIEF EXPLANATION OF THE DRAWING 

Fig. 1 Is a graph showing a change with time in the coloration of A/-cyclohexyl maleimlde used in a process for pro- 
ducing heat-resistant resins of the present Invention, measured by an accelerated heating test 

IS 

THE BEST MODE FOR CARRYING OUT THE INVENTION 

The following description will explain the present invention in detail by presenting some examples. The terms "part" 
and "percent" in the following description means "part by weight" and "percent by weight", respectively. 
20 A raw material used for producing a heat-resistant resin of the present invention contains A/-cyclohexyl malelmide 
unit, as a principal component, containing 0.001 to 1 percent of cydohexylamino succinic anhydride (based on the N- 
cyclohexyl malelmide). 

The identification and determination of tiie structure of the cydohexylamino succinic anhydride were performed as 
follows. 

25 

Idenfflcmipn 

A compound in tiie N-cyclohexyl malelmide was fractionated using high-speed liquid chromatography (LC-10A of 
Shimadzu Corporation). The fractionated liquid was dried under vacuum at 30 ^'C. The resultant solids content was 
recrystallized with a mixed solvent containing chlorofomi and hexane in a ratio of 1 to 1. and tiien dried. Subsequently, 
the solids content was measured with an infrared spectrophotometer (Japan Biorat SPC-3200), a super-conductive 
Fourier transform nuclear magnetic resonance spectrometer (Varian VXR-300S). a gas chromatograph mass spec- 
trometer (JMC-AX505WA of JEOL Ltd.). and a melting point measuring apparatus (Buch 501 K). The spectral values 
and analytic values are as follows. 

IR{KBr) : v(cm"^) = 3400s, 2930s. 1695vs, 1390s, 1195s, 1120s. 735m, 590m 

^ H-NMR(300MHz. DMSOKlg) : 6(ppm) = 6.05(1 H. J = 6.0Hz. d). 4.40(1 H. m). 3.80(1 H. m). 2,95(1 H. J = 1 8. J = 7.2, 
dd). 2.40(1H. J = 18. J = 5, dd). 2.00(2H. J = 12.7. g). 1.80{2H, J = 15. d), 1 .6(3H. m). 1.20(3H. m) 
^3C-NMR(300MHz. DMSO<l^) : 6(ppm) = 178.13(10), 174.8(1C). 65.8(10). 50.4(10). 37.6(10). 28.6(10), 
28.3(10), 25.4(20). 24.9(10) 
GO-MS = 19r 

Melting point = 155.5 to 156.5 "O. 
Quantificatton 

After preparing a working curve of cydohexylamino succinic anhydride using the high-speed liquid chromatography 
(LO-10A of Shimadzu Oorporation). the content of the cydohexylamino sucdnic anhydride in the A/-cyclohexylmaleim- 
ide was measured under the following conditions. 

so Column: Shimadzu Zorliax-ODS (4.6 mma> x 25 cm) 

Mobile Phase: Mixed Solution of aqueous solution containing 0.005 mol potassium dihydrogen phosphate/liter and 

methanol in a ratio of 1 :0.818 by weight 

Column Temperature: 45 **C 

Flow Rate: 0.8 m^/min. 
55 Detector: UV220nm (6.55A. Hitachi, Ltd). 

Preparation of Sample: 0.4 g of sanrple was precisely measured in the order of milligrams, dissolved in the mobile 

phase in a 50 m£ measuring flask to 50 m^. and then 20 iii of the sanr^e solution was injected into the column for 

analysis. 
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[Reference Example 1] 



Maleic anhydride and an amount of ortho-xylene which was five times by weight per unit weight of the maleic anhy- 
dride were placed in a flask provided with a thermometer, a cooling pipe having a water separator, a dropping funnel 

5 and an agitator, and dissolved at 56 so as to prepare an ortho-xylene solution in which maleic anhydride was evenly 
dissolved. Thereafter, a solution containing cyclohexylamine in an amount which is the same as the maleic anhydride 
by a molar ratio and ortho-xylene in an amount which is the same as the cyclohexylamine by weight was all dropped 
into the maleic anhydride solution in 0.5 hours while agitating the solution at 56 «C. As a result, a slurry of ortho-xylene 
of A/-cyclohexyl maleic amido acid was synthesized. 

10 Next, ortho-phosphoric acid as an acid catalyst In an amount as same as the cyclohexyl amine by weight, and 200 
ppm of copper dibutyldithiocarbamate as a polymerization inhibitor to the A/-cyclohexyl maleic amido acid were added 
to the slurry. The mixture was heated and maintained at 140 «C while agitating the mixture, and reacted for 7 hours 
while distilling off water which was produced by the reaction and ortho-xylene from the reaction system. After the com- 
pletion of the reaction, a layer of the acid catalyst separated as a lower layer from the reaction solution at 140 **C was 

15 removed. 

Subsequently, the reaction solution was heated to 60 °C. and an amount of water which was the same as the 
organic layer by weight was added and washed for 30 minutes while agitating the mixture. Then, the organic layer was 
separated from the water layer. Thereafter, ortho-xylene was removed from the organic layer under reduced pressure 
of 10 mmHg. Further, by performing simple distillation under reduced pressure of 5 mmHg at a bulk temperature in the 
20 range from 130 to 150 «C. a raw material containing white A/ cyclohexylmaleimide as a principal component was 
obtained. 

The content of cyctohexylamino succinic anhydride in the raw material thus obtained was measured to 2.5 percent. 
In the following Examples of the present invention and Comparative Exanples, the content of cyclohexylamino succinic 
anhydride in the raw material containing A/-cyclohexyl maleimide as a principal component was adjusted by changing 
25 the degree of purification performed by distillation and recrystallization, 

[Example 1] 



A monomer mixture was prepared by mixing 20 parts of a raw material formed by A/-cyclohexylmaleimide contain- 
ing 0.9 percent of cyclohexylamino succinic anhydride and 80 parts of methyl methacrylate. and deaerated under 
reduced pressure of 200 mmHg for 10 minutes. 0.4 parts of lauryl peroxide as a polymerization initiator was dissolved 
in the monomer mixture, and molding is performed by cast polymerization as follows. 

Cast Polymerization 

A solution was prepared by blowing a nitrogen gas into the monomer mixture and sufficiently saturating the mono- 
mer mixture. The solution was gently poured into a frame formed by fixing glass plates (240 x 180 x 5 mm) with a soft 
vinyl tube (7x4 mm) so that the space between the glass plates was 4 mm, and heated in a water bath at 55 °C for 20 
hours. Then, a transparent polymer plate (1) with a thickness of 3.0 mm was obtained. 

The yellowness (Yl) of the polymer plate (1) obtained by the above-mentioned cast polymerization was measured 
with a color difference meter (180 of Nippon Denshoku Kogyo) according to JIS-K-7103. It was found that the yellow- 
ness (Yl) of the polymer plate (1) was 0.8. Moreover, the glass transition temperature of the polymer plate (1) was 
measured with a thermal analyzer (DSC-8230/TAS-100 of Rigaku Denki K.K.) according to JIS K-7121. It was found 
that the glass transition temperature of the polymer plate (1) was 137 °C. 

[Example 2] 



A monomer mixture was prepared by mixing 20 parts of a raw material formed by A/-cyclohexyl maleimide contain- 
ing 0.01 percent of cyclohexylamino succinic anhydride and 80 parts of methyl methacrylate, and deaerated under 
reduced pressure of 200 mmHg for 10 minutes. 0.4 parts of lauryl peroxkle as a polymerization initiator was dissolved 
m the monomer mixture. A transparent polymer plate (2) with a thickness of 3.0 mm was obtained by performing cast 
polymerization under the same conditions as in Example 1. The yellowness (Yl) and glass transition temperature of the 
polymer plate (2) were 0.8 and 137 °C. respectively. 

It was found from the results of Examples 1 and 2 that a A/-cyclohexyl maleimide-methyl methacrylate copolymer 
produced from a raw material formed by A/-cyclohexyl maleimide containing cyclohexylamino succinic anhydride in an 
amount of not higher than 1 percent is transparent, has a low cotoring factor as given by yellowness (Yl) of not higher 
than 1, and excellent heat resistance as indicated by a glass transition temperature of not lower than 120 ^C. 
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[Comparative Example 1] 

A monomer mixture was prepared by mixing 20 parts of a comparative raw material formed by A/-cyclohexylmale- 
imide containing 1 .8 percent of cyc!ohexytamino succinic anhydride and 80 parts of methyl methacrytate. and deaer- 
5 ated under reduced pressure of 200 mmHg for 10 minutes. 0.4 parts of lauryl peroxide as a polymerization initiator was 
dissolved in the monomer mixture. A transparent comparative polymer plate (1) with a thickness of 3.0 mm was 
obtained by performing cast polymerization under the same conditions as in Example 1 . The yellowness (Yl) and glass 
transition temperature of the comparative polymer plate (1) were measured in the same manner as in Example 1 . The 
yellowness (Yl) and glass transition temperature were 2.4 and 138 ''C. respectively 



[Comparative Example 2] 

A monomer mixture was prepared by mixing 20 parts of a comparative raw nraterial formed by N-cyclohexylmale- 
imlde containing 2.5 percent of cyclohexylamino succinic anhydride arxJ 80 peirts of methyl methacrylate, and deaer- 

15 ated under reduced pressure of 200 mmHg for 1 0 minutes. 0.4 parts of lauryl peroxide as a polymerization initiator was 
dissolved in the monomer mixture. A transparent comparative polymer plate (2) with a thickness of 3.0 mm was 
obtained by performing cast polymerization under the same conditions as in Example 1 . The yellowness (Yl) and glass 
transition temperature of the comparative polymer plate (2) were measured in the same manner as in Example 1 . The 
yellowness (Yl) and glass transition temperature were 4.0 and 137 **C. respectively. 

20 It was found from the results of Comparative Examples 1 and 2 that an A/ cyclohexyl maleimide-methyl methacr- 
ylate copolymer produced from the raw material formed by A/-cyclohexyl maleimide containing cyclohexylamino suc- 
cinic anhydride in an amount higher than 1 percent is transparent and has excellent heat resistance, but is highly 
colored (yellowed). 

25 [Comparative Example 3] 

0.4 parts of lauryl peroxide as a polymerization initiator was dissolved in 100 parts of methyl methacrylate which 
was deaerated under reduced pressure of 200 mmHg for 10 minutes. A transparent comparative polymer plate (3) with 
a thickness of 3.0 mm was obtained by performing cast polymerization under the same conditions as in Example 1 . The 
30 yellowness (Yl) and glass transition temperature of the comparative polymer plate (3) were measured in the same man- 
ner as in Example 1 . The yellowness (Yl) and glass transition temperature were 0.8 and 1 14 ^'C, respectively 

It was found from the results of Comparative Example 3 that the comparative polymer plate (3) as a methyl meth- 
acrylate polymer obtained by solely polymerizing methyl methacrylate without using /S/-cyctohexyl maleimide is trans- 
parent and has a low coloring factor. However, the comparative polymer plate (3) had lower heat resistance because its 
35 glass transition temperature was 1 1 4 ""C. 



15.75 parts of methyl methacrylate. 6.25 parts of a raw material formed by A/-cyclohexyl maleimide containing 0.01 
40 percent of cyclohexylamino succinic anhydride. 25 parts of toluene, and 0.0025 parts of pentaerythrityl-tetrakis[3-(3.5- 
di-ferf-butyl-4-hydroxyphenyl)propionate] as a stabilizer were placed in a 20-liter stainless polymerizing tank having an 
agitator, and three dropping vessels, namely first, second and third dropping vessels. 

On the other hand, a first mixed solution containing 15.75 parts of methyl methacrylate. 6 parts of styrene and 10 
parts of toluene was placed in the first dropping vessel, and the dissolved oxygen was removed from the first mixed 
45 solution by performing bubbling with nitrogen gas in advance. Moreover, a second mixed solution containing 6.25 parts 
of the raw material formed by AZ-cydohexyl maleimide containing 0.01 percent of cyclohexylamino succinic anhydride, 
and 10 parts of toluene was placed in the second dropping vessel, and the dissolved oxygen was removed from the 
second mixed solution by performing bubbling with nitrogen gas in advance. Furthermore, a third mixed solution con- 
taining 0.108 parts of ferf -butyl peroxy isopropyl cartx)nate and 5 parts of toluene was placed in the third dropping ves- 
50 sel, arKJ the d^solved oxygen was removed from the third mixed solution by performing bubbling with nitrogen gas in 
advance. 

Bubbling of the solution in the polymerizing tank was performed for 10 minutes using nitrogen gas while agitating 
the solution at 300 rpm so as to rerm>ve the dissolved oxygen from the solution by nitrogen gas suk>stitution. Thereafter, 
heating of the solution was initiated under the atmosphere of nitrogen gas. When the solution reached 110 '*C, 0.02 
55 parts of /e/t-butyl peroxy isopropyl carbonate as a polymerization initiator was added to the solution. 

Sutsequently. the first, second and third mixed solutions were dropped into the solution in the polymerizing tank 
from the first, second and third dreeing vessels, respectively, over 3.5 hours, and a polymerization was performed 
under ref luxing at a polymerization temperature of 1 1 0 ""C for 7 hours. Thereafter. 0.0475 parts of the above-mentioned 
stabilizer was further added to the solution in the polymerizing tank. 



10 



[Example 3] 
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The polymeric liquid containing the copolymer in the polymerizing tank was supplied to a 30-mm twin screw 
extruder with a vent port and cylinder temperature being controlled at 240 **C, and the solvent in the polymeric liquid 
was removed under vacuum through the vent port. The strand from the vent port was made into a pellet to produce a 
copolymer pellet (3) as a heat-resistant resin of the present invention. The yellowness (Ylsol.) of the copolymer pellet 
5 (3) in a solution was 0.8. 

Subsequently, the copolymer pellet (3) was molded using an injection molding machine which was controlled so as 
to have a cylinder temperature in the range from 250 to 260 ''C, a mold temperature of 100 **C. and an injection pressure 
of 950 kg/cm^. As a result, a transparent molded article with a thickness of 3 mm was obtained. 

The yellowness (Yl) and glass transition temperature of the molded article were measured in the same manner as 
10 in Example 1 . The yellowness (Yl) and glass transition temperature were 1 .6 and 136 **C, respectively 

It was found from the results of Example 3 that the N-cyclohexyl maleimide-methyl methacrylate copolymer pro- 
duced from the raw material formed by A/-cyclohexyl maleimide containing cyclohexylamino succinic anhydride in an 
amount of not higher than 1 percent has a low coloring factor and excellent heat resistance because the yellowness (Yl) 
of the molded article was 1 .6 and the glass transition temperature was not lower than 1 20 ""C. 

15 

[Comparative Example 4] 

A comparative copolymer pellet (4) was obtained in the same manner as in Example 3 except that a comparative 
raw material formed by A/-cyclohexyl maleimide containing 1.8 percent of cyclohexylamino succinic anhydride was 
20 used instead of the raw material formed by A/-cyclohexyl maleimide containing 0.01 percent of cyclohexylamino suc- 
cinic anhydride used In Example 3. The yellowness (Ylsd.) of tiie comparative copolymer pellet (4) In a solution was 
4.1. 

Subsequently, the comparative copolymer pellet (4) was molded in the same manner as in Example 3 so as to pro- 
duce a transparent molded article with a thickness of 3 mm. The yellowness (Yl) and glass transition temperature of the 
25 molded article were measured in the same manner as in Example 1 . The yellowness (Yl) and glass transition temper- 
ature were 6.4 and 136 ^'C. respectively. 

It was found from the results of Comparative Example 4 that the A/-cyclohexyl maleimide-methyl methacrylate 
copolymer produced from the comparative raw material formed by A/-cyclohexyl maleimide containing cyclohexylamino 
succinic anhydride in an amount higher than 1 percent is transparent and has excellent heat resistance, but is highly 
30 colored (yellowed). 

It is clear from Examples 1 to 3 and Comparative Examples 1 to 4 that since the raw materials used for producing 
heat-resistant resins of the present invention contains A/-cyclohexyl maleimide as a principal component, and 0.001 to 
1 weight percent of cyclohexylamino succinic anhydride (based on the N-cyclohexyl maleimide), the heat-resistant res- 
ins of the present invention produced by copolymerizing the raw materials and at least one monomer copolymerizable 
35 with the raw materials contains A/-cyclohexyl maleimide unit as a heat-resistance imparting component. Therefore, the 
resultant A/-<;yclohexyl maleimide-based resins have excellent heat resistance as shown by a glass transition temperate 
of not lower than 1 20 °C. 

Moreover, since the heat-resistant resins are produced using the raw materials formed by A/-cyclohexyl maleimide 
containing 0.001 to 1 weight percent of cyclohexylamino succinic anhydride, they have a low coloring factor, and yel- 
40 lowness (Yl) of not higher than 2, or yellowness In a solution (Ylsol.) of not higher than 3. preferably not higher than 2. 

In order to produce a heat-resistant resin with higher heat resistance, namely, with a glass transition temperature 
of not lower than 120 °C. even if the ratio of the A/-cyclohexyl maleimide unit is increased, the resultant heat-resistant 
resin can have a reduced coloring factor and excellent transparency. 

Thus, by preparing a raw material containing A/-cyclohexyl maleimide as a principal component and controlling the 
45 content of cyclohexylamino succinic anhydride within tiie range from 0.001 to 1 weight percent (based on A/-cyclohexyl 
maleimide). it is possible to reduce the coloration of the heat-resistant resins produced from the raw material. 

Moreover, since the heat-resistant resins produced from the above-mentioned raw material has excellent transpar- 
ency and heat resistance, and a lower coloring factor, it is suitably used in various fields, such as automobile parts, elec- 
trical equipment parts, face plates, signs, covers for lights, ornaments, and variety goods. 

so 

[Example 4] 

1 5.75 parts of methyl methacrylate. 6.25 parts of AZ-cydohexyl maleimide (a). 25 parts of toluene, and 0.0025 parts 
of pentaerythrityl-tetrakis[3-(3.5-di-f-butyl-4-hydroxyphenyl)propionate] were placed in the polymerizing tank described 
55 in Example 1. 

On the other hand, a first mixed solution containing 15.75 parts of methyl methacrylate. 6 parts of styrene and 10 
parts of toluene was placed in the first dropping vessel, and the dissolved oxygen was removed from the first mixed 
solution by performing bubbling with nitrogen gas in advance. Moreover, a second mixed solution containing 6.25 parts 
off the A/-<;yclohexyl maleimide (a) and 10 parts of toluene was placed in the second dropping vessel, and the dissolved 
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oxygen was removed from the second mixed solution by performing bubbling with nitrogen gas in advance. Furtfier- 
more, a third mixed solution containing 0.108 parts of ^butyl peroxy isopropyl carbonate and 5 parts of toluene was 
placed in the third dropping vessel, and the dissolved oxygen was removed from the third mixed solution by performing 
bubbling with nitrogen gas in advance. 

5 Bubbling of the solution in the polymerizing tank i^ing nitrogen gas was performed for 10 minutes while agitating 

the solution at 300 rpm so as to remove the dissolved oxygen from the solution by nitrogen gas substitution. Thereafter, 
heating of the solution was initiated under the atmosphere of nitrogen gas. When the solution reached 110 ""C. 0.02 
parts of f-butyl peroxy Isopropyl cart>onate as a polymerization initiator was added to the solution. 

Suteequently. the first, second and third mixed solutions were dropped into the solution in the polymerizing tank 

10 from the first, second and third dropping vessels, respectively, over 3.5 hours, and a polymerization was performed 
under ref luxing at a polymerization temperature of 1 1 0 °C for 7 hours. TTiereaft©*. 0.0475 parts of the above-mentioned 
stabilizer was added to the solution in the polymerizing tank. 

The polymeric liquid containing the copolymer in the polymerizing tank was supplied to a 30-mm twin screw 
extruder with a vent port and cylinder temperature being controlled at 240 ^C, and the solvent in the polymeric liquid 

75 was removed under vacuum through the vent port. The strand of the polymer from the vent port was made into a pellet 
to produce a polymer (4) as a heat-resistant resin of the present invention. 

The AZ-cydohexyl maleimide (a) used in Example 4 was used immediately after being purified by distillation. The 
Ylsol. of the A/-cyclohexyl maleimide (a) was 0.1 when measured by the atx>ve-mentioned measuring method. Moreo- 
ver, the Ylsol. of all of other raw materials, like the methyl methacrylate. etc. was not higher than 0.1. 

20 The physical properties of the polymer (4) were measured according to the above-mentioned measuring methods. 
The Ylsol. and glass transition temperature of the polymer (4) were 3.1 and 136 ''C, respectively The results are shown 
in Table 1 . 



Table 1 





Ylsol. of raw material 
CHMI (-) 


Ylsol. of polymer (-) 


Glass transition temper- 
ature (*C) 


Example 4 


0.1 


3-1 


136 


Example 5 


0.2 


3.2 


135 


Comparative Example 4 


1.1 


4.4 


136 


Comparative Example 5 


1.5 


5.9 


136 


CHMI is A/-cyclohexyl maleimide 



[Example 5] 

40 

A/-cyclohexyt maleimide (b) having Ylsol of 0.2 was prepared by the accelerated heating test as shown in Fig. 1 . A 
polymer (5) of Example 5 was produced in the same manner as in Exanple 4 except that the A/-cyclohexyl maleimide 
(b) was used instead of the AZ-cydohexyl maleimide (a) with Ylsol. of 0.1 of Example 4. 

The physical properties of the polymer (5) were measured according to the above-mentioned measuring methods. 
45 The Ylsol. and glass transition temperature of the polynrier (5) were 3.2 and 135 ""C, respectively The results are shown 
in Table 1. 

In the accelerated heating test, the A/-cydohexyl maleimide which was just produced was left at rest in an oven at 
86 ""C, and the Ylsol. of the A/-cyclohexyl maleimide was measured with the passage of days so as to observe the col- 
oration of the A/-cyclohexyl maleimide. Then, A/-cydohexyl maleimides having varying Ylsol. were produced. 
so Next, in order to explain the effect of the production process of the present invention, the following description will 
explain Comparative Examples. 

[Conparative Exanple 5] 

55 A/-cydohexyl maleimide (c) was prepared by leaving the A/-cycfohexyl maleimide. which was just purified by distil- 
lation, under atmosphere of oxygen at 86 ^C for 8 days. A comparative polymer (5) of Comparative Example 5 was pre- 
p>ared in the same manner as in Example 4 except that the A/-cyclohexyl maleimide (c) was used. The Ylsd. of the N- 
cyclohexyl maleimide (c) was 1.1 according to the measuring method. 

The physical properties of the conparative polymer (5) were measured according to the above^entioned meas- 
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uring methods. The Ylsol. and glass transition temperature of the comparative polymer (5) were 4.4 and 136 **C. 
respectively. The results are shown in Table 1 . 

[Comparative Example 6] 

5 

/V-cyclohexyl maleimide (d) was prepared by leaving the A/-cyclohexyl malelmide, which was just purified by distil- 
lation, under natural light for 4 days. A comparative polymer (6) of Comparative Example 6 was prepared in the same 
manner as in Example 4 except that the A/-cyclohexyl maleimide (d) was used. The Ylsol. of the A/-cyclohexyl maleim- 
ide (d) was 1 .5 according to the measuring method. 

10 The physical properties of the comparative polymer (6) were measured according to the above-mentioned meas- 
uring methods. The Ylsol. and glass transition temperature of the comparative polymer (6) were 5.9 and 136 ^'C. 
respectively. The results are shown in Table 1 . 

It Is clear from Examples 4 and 5 and Comparative Examples 5 and 6 that the process for producing heat-resistant 
resins of the present invention can stably produce a heat-resistant resin which contains a large amount ot monomer 

15 units of A/-cyclohexyl maleimide. for example, 20 to 30 percent, based on the sum of the whole monomer units required 
for producing the heat-resistant resin, and has excellent heat resistance as indicated by a glass transition temperature 
of not lower than 1 20 °C. 

Moreover, in this production process, even when the amount of A/-cyclohexyl maleimide by monomer unit is 
Increased, if A/-cyclohexyl maleimide whose Ylsol. is not higher than 1 .0 is used, it is possible to cause the Ylsol. of the 
20 polymer as the resultant heat-resistant resin not to be higher than 4. and stably produce heat-resistant resins having a 
reduced coloring factor and excellent transparency. 

Since such a heat-resistant resin is excellent in its transparency and heat resistance, it is suitable for use as parts 
which are often brought into high temperature states around 100 ^'C, like automobile parts and electrical equipment 
parts. 

25 

[Example 6] 

A reaction solution (1) was prepared by adding 0.4 parts of octadecyl isocyanate [CH3(CH2)i7NCO] as a com- 
pound (c) .to 20 parts of A/-cyclohexyl maleimide and 80 parts of toluene, and performing a reaction under the atmos- 

30 phere of nitrogen at 1 00 **C for 1 5 hours while agitating the solution. 

Next. 15.75 parts of methyl methacrylate, 31.25 parts of the reaction solution (1) were placed in a two-liter polym- 
erizing tank having first and second dropping vessels and an agitator. Bubbling was performed for 10 minutes using 
nitrogen gas while agitating the solution at 300 rpm. After the nitrogen gas substitution, heating of the solution was ini- 
tiated under the atmosphere of nitrogen gas. 

35 On the other hand, 15,75 parts of methyl methacrylate and 6 parts of styrene were placed in the first dropping ves- 
sel, and bubbling was performed using nitrogen gas in advance. 31 .25 parts of the reaction solution (1) and 0.108 parts 
of f -butyl peroxy isopropyl carbonate were placed in the second dropping vessel, and bubbling was performed using 
nitrogen gas In advance. 

Subsequently, when the solution reached 1 1 0 ^'C, 0.02 parts of /-butyl peroxy isopropyl carbonate was added to the 
40 solution. Thereafter, the solutions were dropped into the solution in the polymerizing tank from the first and second 
dropping vessels, respectively, over 3.5 hours, and a polymerization was performed under refluxing at a polymerization 
temperature of 110 °C for 7 hours. Moreover, 0.05 parts of pentaerythrityl-tetrakis[3-(3.5-dl-f-butyl-4-hydraxy phenyl) 
propionate] was added to obtain a polymeric liquid (1). 

A part of the polymeric liquid (1) was dissolved in methyl ethyl ketone, and the resultant solution was put Into methyl 
45 alcohol. By separating the polymeric liquid (1) in methyl alcohol, a copolymer (6) as a heat-resistant resin of the present 
invention was obtained. 

With the use of the separated product, the glass transition temperature off the copolymer (6) was measured. The 
glass transition temperature was 134 ''C. 

On the other hand, a compound (d) which was produced by the reaction of the non-radical polymerizable oom- 
50 pound (b) as an impurity in A/-cyclohexyl maleimide and octadecyl Isocyanate as the compound (c) was isolated from 
the polymeric liquid (1) using a GPC column. The melting point and the loss In weight during heating at 260 ^'C which 
is the ordinary molding temperature of the compound (d) were measured. The melting point and the loss in weight of 
the compound (d) were 270 °C and 17 percent, respectively. 

55 0 Measurement of melting point and loss in weight during heating 

The melting point and loss in weight during heating of the test specimen were measured from the thermogravimet- 
ric analysis-differential thermal analysis (TG-DTA) curve measured by a thermal analyzer (TG8110 of Rigaku Denki 
K.K.) using a-alumina as a reference under the atmosphere of nitrogen gas from room temperature to 500 ^'C at a heat- 
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ing rate of 10 '^C/minute. 
[Comparative Example 7] 

5 A comparative polymeric liquid (1) was prepared in the same manner as in Example 1 except that the addition of 

octadecyi isocyanate in Example 6 was omitted. A comparative copolymer (7) was separated from the comparative pol- 
ymeric liquid (1) in the same manner as in Example 6. and the glass transition tenrperature of the comparative copoly- 
mer (7) was measured. The glass temperature was 135 **C. 

A non-radical polymerizable compound (b) (which was identified as CASA) as an impurity in the AZ-cydohexyl male- 

10 imide was isolated from the comparative polymeric liquid (1) using the GPC column. The melting point and the loss in 
weight during heating at 260 ""C of the non-radical polymerizable compound (b) were measured. The melting point and 
the loss in weight were 1 57 °C, and 88 percent, respectively. 

Next, the polymeric liquid (1) of Exanpte 6 and the conparative polymeric liquid (1) of Conparative Example 7 
were respectively supplied to extruders having a vent port and cylinder temperature being controlled in a range from 

15 250 to 260 °C. and the solvent in the polymeric liquid (1) was removed under vacuum through the respective vent ports 
so as to remove the solvent, etc. As a result, a copolymer pellet (6) as a heat-reastant resin of the present Invention 
and a comparative copolymer pellet (7) were obtained. 

In the production of the copolymer pellet (6) and comparative copolymer pellet (7). when the polymeric liquid (1) 
was used, the adhesion of the non-radical polymerizable compound (b) as an impurity to a reducing line used for remov- 

20 ing the solvent and the outlet for taking out the copolymer was not observed. However, when the comparative polymeric 
liquid (1) was used, the non-radical polymerizable compound (b) adhered as gum to the reducing line and the outiet for 
taking out the copolymer. 

Subsequentiy. molded articles were produced from the copolymer pellet (6) and the comparative copolymer pellet 
(7). respectively. The molded article produced from the copolymer pellet (7) had excellent surface smoothness, and fine 
25 appearance and transparency. On the other hand, the comparative copolymer pellet (7) had poor surface smoothness, 
appearance and transparency compared to the molded article produced from the copolymer pellet (6). 

It is thus dear from Example 6 and Comparative Example 7 that since the heat-resistant resin of tiie present inven- 
tion contains A/-cydohexyl maleimjde in an amount as large as 25 percent, i.e.. of not lower than 20 percent, based on 
the total of the monomer mixture, it has excellent heat resistance as shown by a glass transition temperature of not 
30 lower than 130 °C. 

In the production process of the present invention, it is dear from the results of Example 6 and Comparative Exam- 
ple 7 that, by adding a small amount, i.e., 2 percent, of octadecyi isocyanate to the A/-cyclohexyl maleimide. it is possi- 
ble to reduce the volatilization of impurities caused by the A/-cyclohexyl maleimide, contained in the resultant heat- 
resistant resin, while retaining the heat resistance. 

35 Therefore, in the structure and process of the present invention, it is possible to prevent the production of the heat- 
resistant resin from becoming unstable due to the separation and adhesion of the impurities caused by volatilization in 
the solvent removing step and a lowering of the surface smoothness of a molded article produced by molding the heat- 
resistant resin due to the volatilization of the impurities, thereby achieving stable production of molded article having 
excellent heat resistance, transparency and appearance. 

40 Moreover, in tiie production process of the present invention, by using a simple step of only adding a small amount 
of octadecyi isocyanate during the production, it is possible to easily and stably produce heat-resistance resins having 
the above-mentioned excellent properties without purification of a raw material containing A/-cyclohexyl maleimide as a 
principal component, complicated process control, etc., which are required in prior arts. 

45 [Example 7] 

15.75 parts of methyl methacrylate, 6.25 parts of A/-cyclohexyl maleimide. 25 parts of toluoie. arxj 0.0025 parts of 
pentaerythrityl-tetrakis[3-(3,5-di-/-butyl-4-hydroxyphenyl)propionate] as a hindered phenol-based antioxidant were 
placed in the polymerizing tank described in Example 1. After bubbling the mixture with nitrogen gas for 10 minutes 
so while agitating the mixture at 300 rpm, heating of the mixture was initiated under the atmosphere of nitrogen gas. 

On the other hand. 15.75 parts of methyl methacrylate. 8 parts of styrene and 10 parts of toluene were placed in 
the first dropping vessel, and the mixture v^s bubbled with nitrogen gas in advance. Moreover. 6.25 parts of A/- 
cyclohexyl maleimide and 10 parts of toluene were placed in tiie second dropping vessel, and the mixture was bubbled 
witii nitrogen gas in advance. Furthermore, 0.108 parts of t-butyl peroxy isoproiivl caibonate as the initiator and 10 
55 parts of toluene were placed in the third dr(^ing vessel, and the mixture was bubbled with nitrogen gas in advance. 

When the temperature in the polymerizing tank reached 1 10 ®C, 0.02 parts of f-butyl peroxy isopropyl cartx)nate 
was added to the polymerizing tank. Subsequentiy. dropping of the mixtures into the fxjiymerizing tank from the first, 
secofKl and third droppng vessels, respectively, was initiated. A polymerization was performed under refluxing at a 
polymerization tenrperature of 1 10 ""C for 7 hours while dropping the mixtures from the first, secorxJ and third dropping 
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vessels over 3.5 hours. 

After the completion o1 the polymerization, 0.0475 parts of pentaerythrityl-tetrakls[3-(3.5-di-^-butyl-4-hydroxyphe- 
nyl)propionate] was added so as to obtain a polymeric liquid. The conversion rate of nx)nomer to polymer was meas- 
ured from the resultant polymeric liquid by gas chromatography The conversion rate was 96.4 percent. 
5 The polymeric liquid was supplied to a 30-mm twin screw extruder with a vent port and cylinder temperature being 

controlled at 240 °C, and the solvent in the polymeric liquid was removed under vacuum through the vent port. The 
strand from the vent port was made into a pellet to produce a copolymer pellet (7) as a heat-resistant resin of the 
present invention. The yellowness (Ylsol.) of the copolymer pellet (7) in a solution was 3.1 , and the glass transition tem- 
perature thereof was 136 °C. The major reaction conditions and results are shown in Table 2. 



Table 2 





Example 7 


Example 8 


Example 9 


Hindered phenol-based stabilizer 








Amount added before polymerization (part) 

Amount added after polymerization (part) 


0.0025 

0.0475 


0.0025 

0.0275 


0.0025 
0.0275 


Phosphorus-based antioxidant 








Amount added before polymerization (part) 
Amount added after polymerization (part) 






0.005 
0.055 


Conversion of monomer (%) 


96.4 


95,2 


95.5 


Yellowness (Ylsol.) 


3.1 


2.8 


2.2 


Glass transition temperature (°G) 


136 


136 


135 



30 

[Example 8] 

The same reaction was preformed in the same manner as in Example 7 except that the amount of pentaerythrityl- 
tetrakis[3-(3,5-di-f-butyl-4-hydroxyphenyl)propionate] added after the completion of the polymerization was changed 
35 from 0.0475 parts to 0.0275 parts. As a result, a polymeric liquid was obtained. The conversion rate of monomer to pol- 
ymer was measured from the resultant polymeric liquid by gas chromatography. The conversion rate was 95.2 percent. 

The polymeric liquid was supplied to a 30-mm twin screw extruder with a vented port and cylinder temperature 
being controlled at 240 °C. and the solvent in the polymeric liquid was removed under vacuum through the vent port. 
The strand from the vent port was made into a pellet to produce a copolymer pellet (8) as a heat-resistant resin of the 
40 present invention. The yellowness (Ylsol.) of the copolymer pellet (8) in a solution was 2.8, and the glass transition tem- 
perature thereof was 136 ^'C. The major reaction conditions and results are shown In Table 2. 

[Example 9] 

45 1 5.75 parts of methyl methacrylate, 6.25 parts of A/-cyclohexyl maleimide, 25 parts of toluene, 0.0025 parts of pen- 
taerythrityl-tetrakis[3-(3,5-di-f-butyl-4-hydroxyphenyl)propionate], and 0.005 parts of di(2,4-di-^-butylphenyl)pentaer- 
ythritol diphosphite as a phosphorous-based antioxidant were placed in the polymerizing tank described in Example 1 . 
Then, a polymerization was performed in the same manner as in Example 7. 

After the completion of the polymerization, 0.0275 parts of pentaerythrityl-tetrakis[3-(3,5-di-/-butyl-4-hydroxyphe- 

50 ny1)propionate] and 0.055 parts of di(2,4-di-f-butylphenyl)pentaerythritol diphosphite were added so as to obtain a pol- 
ymeric liquid. The conversion rate of monomer to polymer was measured from the resultant polymeric liquid by gas 
chromatography. The conversion rate was 95.5 percent. 

The polymeric liquid was supplied to a 30-mm twin saew extruder with a vent port and cylinder tenperature being 
controlled at 240 <'C. and the solvent in the polymeric liquid was removed under vacuum through the vent port. The 

55 Strand from the vent port was made into a pellet to produce a copolymer pellet (9) as a heat-resistant resin of the 
present invention. The yellowness (Ylsol.) of the copolymer pellet (9) in a solution was 2.2, and the glass transition tem- 
perature thereof was 135 ""C. The major reaction conditions and results are shown in Table 2. 
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[Ck>mparatrve Example 8] 

15.75 parts of methyl methacrylate, 6.25 parts of A/-cyclohexyl maleimide, and 25 parts of toluene were placed in 
the polymerizing tank described in Example 1. After bubbling the mixture with nitrogen gas for 10 minutes while agttat- 
5 ing the mixture at 300 rpm, heating of the mixture was initiated under the atmosphere of nitrogen. 

On the other hand, 15.75 parts of methyl methacrylate. 6 parts of styrene and 10 parts of toluene were placed in 
the first dropping vessel, and the mixture was bubbled with nitrogen gas in advance. Moreover, 6.25 parts of N- 
cyclohexyl maleimide and 1 0 parts of toluene were placed in the second dropping vessel, and the mixture was bubbled 
with nitrogen gas in advance. Furthermore, 0.108 parts of ^-butyl peroxy isopropyl cart>onate and 10 parts of toluene 
10 were placed in the third dropping vessel, and the mixture was bubbled with nitrogen gas in advance. 

When the temperature in the polymerizing tank reached 1 10 °C, 0.02 parts of f-butyl peroxy isoprc^yl carbonate 
was added to the polymerizing tank. Subsequently, dropping of the mixtures into the polymerizing tank from the first, 
seccmd and third dropping vessels, respectively, was initiated. A polymerization was performed under refluxing at a 
polymerization temperature of 1 10 for 7 hours while dropping the mixtures from the first, second and third droi^ing 
75 vessels over 3.5 hours. AiS a result, a polymeric liquid was obtained. 

The conversion rate of monomer to polymer was measured from the resultant polymeric liquid by gas chromatog- 
raphy The conversion rate was 95.4 percent. The polymeric liquid was supplied to a 30-mm twin screw extruder with a 
vent port and cylinder temperature being controlled at 240 "C, and the solvent in the polymeric liquid was removed 
under vacuum through the vent port. The strand from the vent port was made into a pellet to produce a comparative 
20 copolymer pellet (8). The yellowness (Ylsol.) of the comparative copolymer pellet (8) in a solution was 5.0, and the glass 
transition temperature thereof was 136 ^C. The major reaction conditions and results are shown in Table 3. 

[Comparative Example 9] 

25 The same reaction was preformed in the same manner as in Example 7 except that pentaerythrityl-tetrakis[3-(3,5- 
di-f-butyl'4-hydroxyphenyl)propionate] was not added after the completion of the polymerization. As a result polymeric 
liquid was obtained. The conversion rate of monomer to polymer was measured from the resultant polymeric liquid by 
gas chromatography The conversion rate was 95.1 percent. 

The polymeric liquid was supplied to a 30-mm twin screw extruder with a vent port and cylinder temperature being 

30 controlled at 240 °C. and the solvent in the polymeric liquid was removed under vacuum through the vent port. The 
strand from the vent port was made into a pellet to produce a comparative copolymer pellet (9). The yellowness (Ylsol.) 
of the comparative copolymer pellet (9) in a solution was 4.2, and the glass transition temperature thereof was 1 36 ^C. 
The major reaction conditions and results are shown in Table 3. 

25 [Comparative Example 10] 

The same reaction was preformed in the same manner as in Example 7 except that the amount of pentaerythrityf- 
tetrakis[3-(3,5-di-f-butyl-4-hydroxyphenyl)propionate] placed in the polymerizing tank before performing a polymeriza- 
tion was changed from 0.0025 parts to 0.05 parts. As a result, polymeric liquid was obtained. The conversion rate of 
40 monomer to polymer was measured from the resultant polymeric liquid by gas chromatography. The conversion rate 
was 92.4 percent. 

The polymeric liquid was supplied to a 30-mm twin screw extruder with a vent port and cylinder temperature being 
controlled at 240 °C, and the solvent in the polymeric liquid was removed under vacuum through the vent port. The 
strand from the vent port was made into a pellet to produce a comparative copolymer pellet (10). 
45 The yellowness (Ylsol.) of the conparati ve copolymer pellet (1 0) in a solution was 4.1, and tiie glass transition tem- 
perature thereof was 136 ''C. The major reaction conditions and results are shown in Table 3. 
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Table 3 





1 alive CAcirnpie o 


oomparaiive example y 


oomparaiive txampie 
10 


Hindered phenol -based stabilizer 








Amount added before polymeri- 


- 


0.0025 


0.05 


minJKJUli CivJUCU CtlltSI |JUiyi lid I^Cl 

tlon (part) 








Phosphorus-based antioxidant 








Amount added before polymeri- 
zation (part) 








Amount added after polymeriza- 
tion (part) 








Conversion of monomer (%) 


95.4 


95.1 


92.4 


Yellowness (YlsoL) 


5.0 


4.2 


4.1 


Glass transition temperature (""C) 


136 


136 


136 



25 

Each amount indicated in Table 3 is an amount added based on 50 parts of monomer mixture, the hindered phenol 
based antioxidant is pentaerythrityl-tetrakis[3-(3,5-di-f-butyl-4-hydroxyphenyl)propionate]. and the phosphorus-based 
antioxidant is dl(2,4-di-f-butylphenyl)pentaerythrltol diphosphrte. 

It is clear from the results of Examples 7 to 9 shown In Table 2. and the results of Comparative Examples 8 to 10 
30 that by dividing the amount of hindered phenol-based antioxidant and separately adding each division during the pro- 
duction, the heat-resistant resin produced by the production process of the present invention not only has a high glass 
transition temperature and excellent heat resistance, but also has a high conversion rate of monomer because the inter- 
ference of the polymerization of the monomer mixture (monomer components) is prevented, and low yellowness in a 
solution (YlsoL). 

35 Consequently in this production process, it is possible to sufficiently reduce the coloration of the heat-resistant 
resin in the heating step performed after the polymerization of the monomer mixture, for example, the solvent removing 
step or molding step, thereby achieving efficient production of heat-resistant resins with a low coloring factor. 

Since the heat-resistant resins produced by the above-mentioned production process have a low coloring factor, 
they are particularly suitable for use as material of products which require not only transparency but also beautiful 

40 appearance, such as a base of optical material like optical disks, automobile parts, covers for lights, and electrical 
equipment parts. 

Moreover, in this production process, by using a phenol-based antioxidant and a phosphorous-based antioxidant 
together as the antioxidant, the coloration of the resultant heat-resistant resins can further be reduced. 

45 [Example 10] 

15.75 parts of methyl methacrylate, 6.25 parts of /V-cyclohexyl maleimide, 1.5 parts of cyclohexanol. 23.5 parts of 
toluene, and 0.0025 parts of pentaerythrityl-tetrakis[3-(3.5-di-^butyl-4-hydroxyphenyl)propionate] as an antioxidant 
were placed in the polymerizing tank described in Example 1. After but>bling the mixture with nitrogen gas for 10 min- 
50 utes while agitating the mixture at 300 rpm. heating of the mixture was initiated under the atmosphere of nitrogen gas. 
On the other hand, 15.75 parts of methyl methacrylate, 6 parts of styrene and 10 parts of toluene were placed in 
the first dropping vessel, and the mixture was bubbled with nitrogen gas in advance. Moreover, 6.25 parts of N- 
cyclohexyl maleimide and 10 parts of toluene were placed in the second dropping vessel, and the mixture was bubbled 
with nitrogen gas in advance. Furthermore. 0.108 parts of f-butyl peroxy isopropyl carisonate and 10 parts of toluene 
55 were placed in the third dropping vessel, and the mixture was bubbled with nitrogen gas in advance. 

When the temperature in the polymerizing tank reached 1 10 °C. 0.02 parts of ^-butyl peroxy Isopropyl carbonate 
was added to the polymerizing tank. Subsequently, dropping of the mixtures into the polymerizing tank from the first, 
second and third dropping vessels, respectively, was Initiated. A polymerization was performed under refluxing at a 
polymerization terrperature of 1 10 ^'C for 7 hours while dropping the mixtures from the first, second and third dropping 
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vessels over 3.5 hours. 

After the completion of the polymerization, 0.0475 parts of pentaerythrityl-tetrakis[3-(3.5-di-f-biJtyl-4-hydroxyphe- 
nyl)propionate] was added. As a result, a polymeric Iquid was obtained. 

The polymeric liquid was supplied to a 30-mm twin so-ew extruder with a vent port and cylinder tenperature being 
5 controlled at 240 "^C, and the solvent in the polymeric liquid was removed under vacuum through the vent port to distill 
off the solvent, etc. The strand from the vent port was made into a pellet to produce a copolymer pellet (10) as a heat- 
resistant resin of the present invention. 

The yellowness (Ylsol.) of the copolymer pellet (10) in a solution was 2.0. the glass transition tenr^erature thereof 
was 135 °C. and the weight-average molecular weight was 160000. The solvent, etc. distilled off from the vent port of 
10 the extruder were recovered, and the composition of the recovered liquid was measured by a predetermined method 
using gas chromatography. The recovered liquid contained 97.1 percent of toluene, 2.7 percent of cyclohexanot, and 
0.2 percent of methyl methacrylate. 

[Example 11] 

IS 

The same reaction was performed in the same manner as in Example 10 except that benzyl alcohol was used 
instead of cyclohexanot. As a result, a copolymer pellet (1 1) was obtained. 

The yellowness (Ylsol.) of the copolymer pellet (11) in a solution was 1 .7, the glass transition temperature thereof 
was 1 33 ^'C, and the weight-average molecular weight was 1 50000. The composition of the recovered liquid distilled off 
20 from the extruder contained 97.6 percent of toluene. 2.1 percent of benzyl alcohol, and 0.3 percent of methyl methacr- 
ylate. 

[Example 12] 

25 15.75 parts of methyl methacrylate. 6.25 parts of AZ-cydohexyl maleimide, 23.5 parts of toluene, and 0.0025 parts 
of pentaerylhrityl-tetrakis[3-(3,5-di-f-butyl-4-hydroxyphenyl)propionate] were placed in the polymerizing tank described 
in Example 1 . After bubbling the mixture with nitrogen gas for 1 0 minutes while agitating the mixture at 300 rpm. heating 
of the mixture was initiated under the atmosphere of nitrogen gas. 

When the temperature in the polymerizing tank reached 1 10 ^'C. 0.02 parts of f-butyl peroxy isopropyl cart)onate 
30 was added to the polymerizing tank. A polymerization was performed under refluxing at a polymerization temperature 
of 1 10 **C for 7 hours while dropping the mixtures into the polymerizing tank from the first, second and third dropping 
vessels, respectively, in the same manner as in Example 1 . 

After the completion of the polymerization, 1.5 parts of cyciohexanol and 0.0475 parts of pentaerythrityl-tetrakis[3- 
(3.5-di-f-butyl-4-hydroxyphenyl)propionate] were added. As a result, a polymeric liquid was obtained. A copolymer pel- 
35 let (1 2) as a heat-resistant resin of the present invention was produced from the polymeric liquid like Example 1 0. 

The yellowness (Ylsol.) of the copolymer pellet (12) in a solution was 1 .9. the glass transition temperature thereof 
was 135 '^C. and the weight-average molecular weight was 180000. The composition of the recovered liquid distilled off 
from the extruder contained 97.1 percent of toluene, 2.7 percent of cyciohexanol, and 0.2 percent of methyl methacr- 
ylate. 

40 

[Example 13] 

The same reaction was performed in the same manner as in Example 10 except that the amount of cyciohexanol 
was changed from 1 .5 parts to 5 parts, and the amount of toluene was changed from 23.5 parts to 20 parts. As a result. 
45 a copolymer pellet (13) was obtained. 

The yellowness (Ylsol.) of the copolymer pellet (13) in a solution was 2.1 . the glass transition temperature thereof 
was 134 °C, and the weight-average molecular weight was 180000. The composition of the recovered liquid distilled off 
from the extruder contained 91.3 percent of toluene, 8.2 percent of cyciohexanol. and 0.3 percent of methyl methacr- 
ylate. 

so 

[Example 14] 

The same reaction was performed in the same manner as in Example 10 except that the amount of cyciohexanol 
was changed from 1 .5 parts to 0.25 parts, and the amount of toluene was changed from 23.5 parts to 24.75 parts. As 
55 a result, a copolymer pellet (14) was obtained. 

The yellowness (Ylsol.) of the copolymer pellet (14) in a solution was 2.7, the glass transition temperature thereof 
was 1 35 **C. and the weight-average molecular weight was 1 80000. The conposition of the recovered liquid distilled off 
from the extruder contained 99.6 percent of toluene. aiKl 0.3 percent of methyl methacrylate. The amount of cyciohex- 
anol was less than 0.1 percent which was the limit of detection, and thus cyciohexanol was not detected. 
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[Comparative Example 11] 

The same reaction was performed in the same manner as in Example 10 except that the cyclohexanol was not 
used, and the amount of toluene was changed from 23.5 parts to 25 parts. As a result, a comparative copolymer pellet 
5 (11) was obtained. 

The yellowness (Ylsol.) of the comparative copolymer pellet (1 1) in a solution was 3.1 , and the glass transition tem- 
perature thereof was 136 ""C. 

As is clear from Examples 1 0 to 1 4 and Comparative Example 1 1 . in the above-mentioned processes for producing 
heat-resistant resins, it is possible to stably produce heat-resistant resins having excellent transparency and heal resist- 
10 ance. and a low coloring factor by adding an alcohol having volatility during the production. 

Thus, the resultant heat-resistant resins are particularly suitable for use as material of products which require not 
only transparency but also beautiful appearance, such as a base of optical material like optical disks, automobile parts, 
covers for lights, and electrical equipment parts. 

15 [Example 15] 

15.75 parts of methyl methacrylate, 6.25 parts of A/-cyclohexyl maleimide. 0.05 parts of acetic anhydride, 25 parts 
of toluene, and 0.0025 parts of pentaerythrityI-tetrakis[3-(3,5-di-f-butyl-4-hydroxyphenyl)propionate] as an antioxidant 
were placed in the polymerizing tank described in Example 1. After bubbling the mixture with nitrogen gas for 10 min- 
20 utes while agitating the mixture at 300 rpm, heating of the mixture was initiated under the atmosphere of nitrogen gas. 
On the other hand, 15.75 parts of methyl methacrylate. 6 parts of styrene and 10 parts of toluene were placed in 
the first dropping vessel, and the mixture was bubbled with nitrogen gas in advance. Moreover, 6.25 parts of A/- 
cyclohexyl maleimide and 10 parts of toluene were placed in the second dropping vessel, and the mixture was bubbled 
with nitrogen gas in advance. Furthermore, 0.108 parts of f-butyl peroxy isopropyl carbonate as the initiator and 10 
25 parts of toluene were placed in the third dropping vessel, and the mixture was bubbled with nitrogen gas in advance. 

When the temperature in the polymerizing tank reached 1 10 ^'C. 0.02 parts of f-butyl peroxy isopropyl carbonate 
was added to the polymerizing tank. Subsequently, dropping of the mixtures into the polymerizing tank from the first, 
second and third dropping vessels, respectively, was initiated. A polymerization was performed under refluxing at a 
polymerization temperature of 1 10 **C for 7 hours while dropping the mixtures from the first, second and third dropping 
30 vessels over 3.5 hours. 

After the completion of the polymerization, 0.0475 parts of pentaerythrityl-tetrakis[3-(3.5<li-f-butyl-4-hydroxyphe- 
nyl)propionate] was added. As a result, a polymeric liquid was obtained. 

The polymeric liquid was supplied to a 30-mm twin screw extruder with a vent port and cylinder temperature being 
controlled at 240 °C, and the solvent in the polymeric liquid was removed under vacuum through the vent port to distill 
35 off the solvent, etc. The strand from the vent port was made into a pellet to produce a copolymer pellet (15) as a heat- 
resistant resin of the present invention. The yellowness (Ylsol.) of the copolymer pellet (15) in a solution was 1.4, and 
the glass transition temperature thereof was 134 ^C. 

[Example 16] 

40 

The same reaction was performed in the same manner as in Example 1 5 except that propionic anhydrkle was used 
instead of acetic anhydride. As a result, a copolymer pellet (1 6) was obtained. The yellowness (Ylsol.) of the copolymer 
pellet (16) in a solution was 1.2. and the glass transition temperature thereof was 134 **C. 

45 [Example 17] 

15.75 parts of methyl methacrylate, 6.25 parts of A/ cyclohexyl maleimide, 25 parts of toluene, and 0.0025 parts of 
pentaerythrityl-tetrakis[3-(3,5-di-f-butyl-4-hydroxyphenyl)propionate] were placed in the polymerizing tank described in 
Example 1 After bubbling the mixture with nitrogen gas for 10 minutes while agitating the mixture at 300 rpm. heating 

so of the mixture was initiated under the atmosphere of nitrogen gas. 

When the temperature in the polymerizing tank reached 1 10 °C, 0.02 parts of f-butyl peroxy isopropyl carbonate 
was added to the polymerizing tank. Subsequently, a polymerization was performed under refluxing at a polymerization 
temperature of 1 1 0 **C for 7 hours while dropping the mixtures from the first, second and third dropping vessels, respec- 
tively, in the same manner as in Example 15. 

55 After the completion of the polymerization. 0.05 parts of acetic anhydride and 0.0475 parts of pentaerythrityl-tet- 
rakis[3-(3.5-di-f-butyl-4-hydroxyphenyl)propionate] were added. As a result, a polymeric liquid was obtained. A copoly- 
mer pellet (1 7) as a heat-resistant resin of the present invention was produced from the polymeric liquid in the same 
manner as in Exanple 1 5. The yellowness (Ylsol.) of the copolymer pellet (1 7) in a solution was 2.5. and the glass tran- 
sition temperature thereof was 133 ""C. 
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[Example 18] 

The same reaction was performed in the same manner as in Example 17 except that prqDionic anhydride was used 
instead of acetic anhydride. As a result, a copolymer pellet (18) was obtained. The yellowness (Ylsol.) of the copolymer 
5 pellet (1 8) in a solution was 2.2. and the glass transition temperature thereof was 1 34 ^'C. 

[Comparative Example 12] 

The same reaction was performed in the same manner as in Example 15 except that acetic anhydride was not 
10 used. As a result, a comparative copolymer pellet (12) was obtained. The yellowness (Ylsol.) of the comparative copol- 
ymer pellet (12) in a solution was 3.1 . and the glass transition tenperature thereof was 136 "^C. 

According to the results of Exanples 15 to 18 and Comparative Exanple 12. it is possible to stably produce heat- 
resistant resins having excellent transparency and heat resistance, and a low coloring factor by adding a non-radical 
polymerizable acid anhydride like acetic anhydride, and/or a non-radical polymerizable carboxyllc acid during the pro- 
15 duction. 

Thus, the resultant heat-resistant resins are particularly suitable for use as material of products which require not 
only transparency and heat resistance but also beautiful appearance, such as a base of optical material like optical 
disks, automobile parts, covers for lights, arKJ electrical equipment parts. 

20 INDUSTRIAL APPLICABILITY 

The raw material used for producing heat-resistant resins of the present invention can reduce the coloration of 
heat-resistant resins produced from the raw material. Since the heat-resistant resins of the present invention produced 
from the above-mentioned raw material have excellent transparency and heat resistance, and a low coloring factor, they 
25 are suitably used in various fields, such as automobile parts, electrical equipment parts, face plates, signs, covers for 
lights, ornaments, and variety goods. The process for producing heat-resistant resins of the present invention allows 
simple and stable production of heat-resistant resins having the above-mentioned excellent pr<^erties. 

Claims 

30 

1. A raw material used for producing heat-resistant resins, containing A/-cyclohexyl maleimide as a principal compo- 
nent, and 0.001 to 1 weight percent of cyclohexyl amino succinic anhydride (based on the AZ-cydohexyl maleimide). 

2. Heat-resistant resins produced by copolymerizing the raw material defined in claim 1 and at least one kind of mon- 
35 omer which is copolymerizable with the raw material. 

3. The heat-resistant resins according to claim 2. whose yellowness (Yl) is not higher than 2, or yellowness (Ylsol.) in 
a solution is not higher than 3. 

40 4. A process for producing heat-resistant resins, comprising the step of copolymerizing a maleimide-based monomer 
whose yellowness in a solution is not higher than 1 .0 and a polymerizable monomer which is copolymerizable with 
the maleimide-based monomer. 

5. The process according to claim 4, 

45 wherein the maleimide-based monomer is A/-cyclohexyl maleimide. 

6. The process according to daim 4 or 5, 

wherein the polymerizable monomer which is copolymerizable with the maleimide-based monomer is meth- 
acrylic ester. 

50 

7. Heat-resistant resins produced by polymerizing a monomer mixture containing a non-radical polymerizable com- 
pound (b) and a maleimide-based monomer (a). 

the heat-resistant resins containing a compound (d) whose volatility is made lower than that of the non-rad- 
ical polymerizable compound (b) by means of the reaction of the conrpound (b) with a conrpound (c) which is reac- 
55 tive with the compound (b). 

8. A process for producing heat-resistant resins, comprising the steps of: 

polymerizing a nrK}nomer mixture containing a maleimide-based monomer (a) and a non-radical polymerizable 
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compound (b) having a functional group; and 

reducing the non-radical polymerizable compound (b) by using a compound (c) having a reactive group which 
is reactive with the functional group during the polymerization. 

5 9. The process according to claim 8, 

wherein the reactive group is at least one group selected from the group consisting of isocyanate group, 
epoxy group, hydroxy group, and amino group. 

10. The process according to claim 8, 

10 wherein a melting point of a compound (d) produced by a reaction of the non-radical polymerizable com- 

pound (b) and the conrpound (c) is not lower than 200 °C. 

1 1 . The process according to daim 8. 

wherein the non-radical polymerizable compound (b) is a byproduct produced when preparing the malelm- 
15 ide-based monomer (a). 

12. A process for producing heat-resistant resins, comprising the steps of: 

polymerizing radical polymerizable monomer components; 
20 causing part of an antioxidant to coexist during the polymerization and adding remaining part of the antioxidant 

to the nrYonomer components after completion of the polymerization. 

1 3. The process accorcfing to claim 1 2. 

wherein the antioxidant is at least one kind of antioxidant selected from the group consisting of phenol-based 
25 antioxidants and phosphorous-based antioxidants. 

14- The process according to claim 12. 

wherein the antioxidant is a hindered phenol-based antioxidant. 

30 1 5. The process according to claim 1 2, 

wherein the antioxidant is used in an amount ranging from 0.01 to 1 weight part in total based on 1 00 weight 
parts of the monomer components, and a weight ratio of the antioxidant which is caused to coexist during the 
polymerization to the antioxidant added after the completion of the polymerization is in a range from 1/99 to 99/1. 

35 1 6. The process according to any one of claims 1 2 to 1 5, 

wherein the radical polymerizable monomer components contain a malelmide-based monomer. 

17. The process according to any one of claims 12 to 16, 

wherein the radical polymerizable monomer components contain methacryllc ester. 

40 

18. A process for producing heat-resistant resins, comprising the steps of: 

polymerizing radical polymerizable monomer components using a solvent containing an alcohol; and 
distilling off a volatile component containing the alcohol under heating and reduced pressure, and separating 
45 the volatile component. 

19. A process for producing heat-resistant resins, comprising the steps of: 

polymerizing radical polymerizable monomer components using a solvent; 
so adding an alcohol after the polymerization; and 

distilling off a volatile componertt containing the alcohol under heating and reduced pressure, and separating 
the volatile component. 

20. The process according to claim 18 or 19, 

55 wherein the radical polymerlzak)le monomer components contain a malelmide-based monomer. 

21. The process according to any one of claims 1 8 to 20, 

wherein the radical polymerizable monomer components contain methacryllc ester. 
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22. A process for producing heat-resistant resins, comprising the step of polymerizing monomer components contain- 
ing a mateimide-based monomer in the presence of a non-radicai poiymerizable acid anhydride and/or a non-rad- 
ical potymerizable cartjoxytic add. 

5 23. A process for producing heat-resistant resins, comprising the steps of: 

polymerizing monomer components containing a maleimide-based monomer; and 

adding a non-radical potymerizable acid anhydride and/or a non-radical poiymerizable caiboxytic add after the 
polymerization. 

10 

24. The process according to daim 22. 

wherein the monomer components containing the maleimide-tiased monomer further contain methacrylic 

ester. 
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